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SYNTHESIS  OF  HYDROCARBONS 


LXVI.  Cu-C|6  HYDROCARBONS  WITH  TWO  ADJACENT  QUATERNARY  CARBON  ATOMS 
R.  la.  Levina,  P.  A.  Kaikarls,  A.  V.  Slmolln,  and  E.  G.  Treshchova 


In  OUT  preceding  communications  [1,2]  we  described  the  reaction  between  alkyl  magnesium  bromides 
and  tertiary  bromides  of  the  allyl  type  as  a  method  of  synthesis  of  alkenes  containing  one  quaternary  carbon  atom 
(III  and  IV).  The  tertiary  allyl  bromides  used  were  2-bromo-2,4-dlmethyl-3-pentene  (la;  hydrobromide  of  2,4- 
dlmethyl-l,3-pentadlene)  [1]  and  3-bromo-3,5-dlmethyl-4-heptene  (Ila,  prepared  by hydrobrominatlonof  a  mix¬ 
ture  of  two  Isomeric  dlenlc  hydrocarbons  with  the  same  carbon  skeleton  but  with  different  positions  of  one  of  die 
two  double  bonds— 3,5-dlmethy]r2,4-heptadlene  and  3-methyl-5-ethyl-3,5-hexadlene)  [2]. 

CHg  GHg 

CHg— C=CH— C— Br+  RMgUr  Clfg— G=GH— (]— R 

II  II 

GH3  GH3  GH3  GH3 

(la)  (HI) 

C2H5  G2H5 

I  I 

CoHr,— G=cn— G— Br  +  RMgBr  GoHg— G=GII— G— R 

'll  k  I 

GHg  GH3  CHg  CH3 

(Ila)  •  (IV) 

The  yields  of  alkenes  were  3070:  the  structure  of  some  of  them  was  confirmed  by  ozonlzatlon  [1-3]. 

Subsequent  Investigation  of  this  reaction  diowed  that  the  yields  of  alkenes  (III)  can  be  raised  to  by 
using  a  tertiary  allyl  chloride  of  structure  (I)  (hydrochloride  of  2,4-dlmethyl-l,3-pentadlene)  In  place  of  the 
corresponding  bromide  [3,  4]. 

In  the  present  work  we  studied  the  reaction  between  tert-allyl  chlorides  CyHiiCl  and  CjHj^l  with  struc¬ 
tures  (I)  and  (II)  and  organomagneslum  compounds  containing  a  tert-alkyl group  as  a  method  of  synthesis  of  alkenes 
(V)  and  (VI)  with  two  adjacent  quaternary  carbon  atoms. 

GH3  GH3  GHg  GH3 

J  I  II  +H, 

GHo— G=GH-G-G14-GIMg~G-R  -►  GH3— G=GH— G - G— R  — 

II  I  III 

GHg  GHg  GHg  GHg  GH3  GHg 

(I)  '  (V) 

GHg  GH3 

GII3— GH— GHj— C - d:— R>^hereR  =  GH3,  GgH.  &  G-Hi,. 

I  i  I 

GHg  (JHg  GHg 

(VI) 

*  We  previously  synthesized  [5]  the  alkenes  and  alkanes  of  structures  (V),  (VII)  and  (VI),  (VIII),  In  which  R  =  CHg, 
from  the  corresponding  tertiary  allyl  bromides  (la  and  Ila). 


2347 


C2H5 

Cjils— C=CII— C— Cl 

I  I 

CII3  GH3 

(II) 


GH,  Gollfi  Gllg 

i  I  I 

4-GlMg— G— R  G2II5— G=:GII— G - G— R 

I  ’  I  I  J. 

GIF;,  GH3  GII3  GMg 

(VII) 


G2I15  GH3 

GoHs— CH— GII2— G - G— R.whereR  rr^Gllg,*  G2FI5  &  GgU, 

(JH3  (:M;,  GH3 

(VIII) 


+H, 


Referring  to  the  above  equations,  we  see  that  the  method  was  employed  for  synthesis  of  oleflnlc  and  paraf¬ 
finic  hydrocarbons  of  structures  (V)-(VIII)  containing  11-15  carbon  atoms,  as  well  as  cyclohexanlc  hydrocarbons 
containing  16  carbon  atoms  with  two  quaternary  carbon  atoms  In  the  side  chain.  The  yields  of  unsaturated  hydro¬ 
carbons  (V)  and  (VII)  were  no  more  than  2-14%  (calculated  on  the  tert- alkyl  magnesium  chlorides  whose  content 
In  the  ethereal  solution  was  determined  by  titration),  due  to  secondary  reactions  Involving  facile  cleavage  of  hydro¬ 
gen  chloride  from  the  tertiary  allyl  chlorides  (I)  and  (II)  with  formation  of  the  original  alkadienes  C7H12  and  C9Hig 
or  their  dimers,  and  also  due  to  exchange  reaction  of  these  chlorides  with  the  organomagneslum  compounds  so 
that  after  decomposition  of  the  reaction  mixture  with  water  the  alkenes  (IX)  C7HU  and  CgH^  were  formed  [2,  5]. 


R'  R' 

R-c=cii-l:-ci  iv-c=cii-iMgCi  i-®. 


GH, 


GH, 


GH, 


Gil 


R' 

I 


R' — G=GFI — GFF, where R'  =  GlFg  (i)  &  Ggllg  (ii). 


I 

GIF, 


GFF, 


(IX) 


Oleflnlc  hydrocarbons  with  two  adjacent  quaternary  carbon  atoms  (V)  and  (VII)  were  Isolated  from  the 
mixture  of  reaction  products  by  two  fractional  distillations  In  a  column.  The  Raman  spectra  of  these  hydrocarbons 
contained  double-bond  frequencies  In  the  1658-1668  cm“^  region  which  confirmed  their  structure  as  trlsubstltuted 
olefins;  the  spectra  cf  the  corresponding  alkanes  contained  strong  lines  In  die  660-678,  930  and  1204-1240  cm“^ 
regions,  which  are  characteristic  [6,  7]  of  complex  branching  (quaternary  carbon  atom)  In  a  carbon  chain. 

Reactions  between  tertiary  allyl  chlorides  and  tert-alkyl  magnesium  chlorides  can  consequently  serve 
as  a  method  of  synthesis  of  hydrocarbons  with  two  adjacent  quaternary  carbon  atoms.  It  should  be  noted  that  In 
the  case  of  all  of  the  alkenes  that  we  synthesized  (except  the  first  one)  and  of  the  Cu-Cjs  alkanes  the  molecular 
refractions  (MRp)  found  were  very  different  (EMp  from  —0.36  to  —1.00)  from  those  calculated  by  the  usual  pro¬ 
cedure  (from  the  atomic  refractions);  at  the  same  time  the  molar  refractions  of  these  hydrocarbons  calculated  by 
the  additive  procedure  of  V.  M.  Tatevskll  [8],  with  allowance  for  the  subtypes  of  chemical  bond,  are  In  good  agree¬ 
ment  with  our  experimental  values  (see  Tables  1  and  2). 

EXPERIMENTAL 

The  tert-  allyl  chlorides  —  2-chloro-2,4-dimethyl-3-heptene  and  3-chloro-3,5-dlmethyl-4-heptene  — 
were  obtained,  respectively  by  the  action  of  dry  hydrogen  chloride  on  2,4-dlmethyl-l,3-pentadlene  [3,  4]  and 
on  a  mixture  of  3,5-dlmethyl-2,4-heptadlene  and  3-methyl-5-ethyl-3,5-hexadlene  [2,  5].  The  chlorides  broke 
down  on  distillation  of  the  hydrogen  chloride;  they  were  therefore  brought  Into  reaction  with  tert-alkyl  magnesium 
chlorides  Immediately  after  their  preparation.  Tert-  alkyl  chlorides  were  prepared  from  the  corresponding  tert- 
alcohols  by  shaking  for  half  an  hour  with  concentrated  hydrochloric  acid  which  had  previously  been  saturated  with 
hydrogen  chloride  at  0".  The  chlorides  were  washed  with  water,  dried  and  distilled  (yields  80-90%). 

Tert- butyl  chloride:  b.  p.  50°  (736  mm),  n^D  1.3859,  d^*°  0.847.  Tert -amyl  chloride;  b.  p.  84-85* 

(744  mm),  n*®D  1.4047,  d^”  0.8623.  2-Chloro-2-methylpentai^;  b.  p.  105-106*  (740  mm),  n”D  1.4125,  d^” 
0.8605.  2-Chloro-2-cyclohexylpropane:  b.  p.  78*  (12  mm),  n^D  1.4708,  di***  0.9626;  MRp  46.62;  calc.  46.43. 
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Constants  and  Yields  of  C^-Cjs  Hydrocaibons  of  die  Structure  R— C— C— C=C -R'  (VandVII) 


I 


2349 


dvely,  70,  60,  65  and  SO^JL 


Constants  of  Cii“Ci6  Hydrocarbons  of  Structure  R— G— C— C— C— R'  (VlandVIII) 


I 


Reaction  of  tert-  allyl  chlorides  with  tert-alkyl  magnesium  chlorides.  Into  an  etliereal  solution  of  the 
organomagneslum  compound  prepared  by  slow  addition  of  2.2  moles  tert-alkyl  chloride  In  800  ml  of  absolute  ether 
to  2  atoms  magnesium  (activated  with  a  few  drops  of  methyl  iodide)  In  350  ml  ether,  was  gradually  stirred  (cool¬ 
ing  to  -40*)  a  1 : 1  ethereal  solution  of  freshly  distilled  tert-allyl  chloride  -  2-chloro-2,4-dlmethyl-3-heptene  or 
3-chloro-3,5-dlmethyl-4-heptene  —  In  quantity  equimolar  with  the  organomagneslum  compound  formed  (the  con¬ 
tent  of  the  latter  In  the  ethereal  solution  was  determined  In  a  separate  sample  by  titration  —  see  Table  1).  The 
reaction  mixture  was  stirred  for  2  hrs  with  the  same  degree  of  cooling,  then  for  2  hrs  at  room  temperature,  and  for 
several  hours  with  heating.  After  the  reaction  mixture  had  been  decomposed  (by  pouring  onto  Ice  containing  10% 
hydrochloric  acid  or  ammonium  chloride),  the  ethereal  extracts  were  worked  up  In  the  usual  manner,  the  etlier  and 
the  low-bolllng  fractions  (up  to  100“)  were  distilled  off,  and  the  residue  was  boiled  with  sodium  (until  the  reaction 
for  halogen  was  negative).  The  product  was  distilled  off  from  polymers  In  vacuo  and  finally  distilled  over  sodium 
In  a  column.  Each  experiment  was  carried  out  twice.  Constants  and  yields  of  oleflnlc  hydrocarbons  with  two  ad¬ 
jacent  quaternary  carbon  atoms  (V  and  VII),  Isolated  after  two  distillations  In  a  column,*  are  presented  In  Table  1; 
the  analytical  results  appear  In  Table  3. 

The  oleflnlc  hydrocarbons  were  hydrogenated  over  nickel  on  alumina  at  170-180*.  The  catalyzates  (which 
did  not  decolorize  bromine  water)  were  washed  with  80%  sulfuric  acid,  with  water,  and  with  sodium  carbonate 
until  neutral,  and  distilled  over  sodium  In  a  column.  The  constants  of  ihe  resulting  paraffinic  hydrocarbons  with 
two  adjacent  quaternary  carbon  atoms  (VI  and  VIII)  are  presented  In  Table  2,  while  analytical  results  appear  In 
Table  3. 

SUMMARY 

\ 

1.  Reaction  of  tert-allyl  chlorides  with  tert-alkyl  magnesium  chlorides  was  used  as  a  method  of  syn¬ 
thesis  of  oleflnlc  hydrocarbons  containing  two  adjacent  quaternary  carbon  atoms. 

2.  Cu-Cjs  hydrocarbons  of  the  structure  In  question  were  synthesized  by  this  method  from  2-chloro-2,4- 
dlmethyl-3-pentene  (hydrochloride  of  2,4-dlmethyl-l,3-pentadlene)  and  3-chloro-3,5-dlmethyl-4-heptene  (ob¬ 
tained  by  hydrochlorlnatlon  of  a  mixture  of  Isomeric  dienes  with  the  same  carbon  skeleton  but  with  different  posi¬ 
tions  of  one  double  bond  —  3,5-dlmethyl-2,4-heptadlene  and  3-methyl-5-ethyl-3,5-hexadlene):  2,2,3,3,5-penta- 
methyl-4-hexene;  2,2,3,5-tetramethyl-3-ethyl-4-heptene;  3,3,4,4,6-pentamethyl-5-heptene:  3,3,4 ,6-tetra- 
methyl-4-ethyl-5-octene;  4,4,5,7-tetramethyl-5-ethyl-6-nonenej  also  2,3,3,5-tetramethyl-2-cyclohexyl-4-hexene. 
The  last  four  compounds  are  here  described  for  the  first  time. 

3.  Hydrogenation  of  these  oleflnlc  hydrocarbons  led  to  the  corresponding  paraffinic  hydrocarbons  with 
two  adjacent  quaternary  carbon  atoms;  2,2,3,3,5-pentamethylhexane;  2,2,3,5-tetramethyl-3-ethylheptane; 
3,3,4,4,6-pentamethylheptane;  3,3,4,6-tetramethyl-4-ethyloctane;  4,4,5,7-tetramethyl-5-ethylnonane;  also 
2,3,3,5-tetramethyl-2-cyclohexylhexane.  The  last  four  compounds  have  not  previously  been  described. 
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REACTION  OF  T  E  RT-B  U  T  Y  L  B  E  N  Z  EN  E  B-(MAGNESIUM  CHLORIDE) 
WITH  CARBONYL  COMPOUNDS 

A.  D.  Petrov,  G.  I.  Nlklshln,  V.  N.  Gramenltskala,  and  V.  D.  Vorob’ev 


l-Chloro-2-inethyl-2-phenylpropane  (CgHs — C(CH3)2 — CHjCl)  Is  easily  synthesized  by  chloroalkylatlon 
of  benzene  with  methallyl  chloride  [1].  No  studies  have  previously  been  made,  however,  of  the  possibilities  of 
utilization  of  this  halide  —  a  structural  analog  of  neopentyl  chloride  —  In  organomagneslum  synthesis.  The  present 
Investigation  was  undertaken  with  the  aim  of  finding  reliable  methods  of  synthesis  of  alkylbenzenes  containing  a 
long  branched  chain  with  a  quaternary  carbon  at  the  ring.  As  we  know,  such  hydrocarbons  were  until  recently  ob¬ 
tained  mainly  by  alkylation  of  benzene  with  tertiary  alcohols  In  presence  of  AICI3.  This  method  did  not  always 
ensure  preparation  of  the  pure  forms  [2].  Condensation  of  the  Grlgnard  reagent  from  the  above  halide  with  alde¬ 
hydes  gives  secondary  alcohols  In  high  yield  (53.5-72.5%).  The  properties  of  these  alcohols  are  presented  in  the 
table.  The  yields  of  tertiary  alcohols  obtained  by  reaction  of  tert.  butylbenzene  6  -(magnesium  chloride)  with 
ketones  (acetone  and  methyl  ethyl  ketone)  were  very  much  lower  (22  and  37%).  This  Is  evidently  due  to  the  cir¬ 
cumstance  that  part  of  the  ketone  Is  reduced  to  secondary  alcohol.  These  ketones  are  similarly  reduced  under  the 
action  of  isobutyl  magnesium  chloride,  as  previously  established  [3]. 

In  the  case  of  methyl  formate  the  main  product  was  a  secondary  alcohol  —  2,6-dlmethyl-2,6-dlphenyl- 
4-heptanol  —  1.  e.,  a  compound  formed  according  to  the  normal  mechanism 


CH, 


2Cpll5— C— GlIaMgCI  +  il-C<f 

:  ^OCIL, 

GH3 


GHOII 


This  alcohol  or  Its  formic  ester  was  obtained  In  yields  dependent  on  the  conditions  of  synthesis  and  ranging  between 
45  and  68%.  Reduction  reactions  also  occur  here,  as  evidenced  by  the  formation  of  the  formic  acid  ester  and  a 
primary  alcohol  —  3-methyl-3-phenyl-l-butanol  (resulting  from  reduction  of  the  aldehyde). 
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Formic  esters  of  alcohols  are  products  of  their  transesterlflcatlon  with  methyl  formate.  The  reaction  of  tert -butyl- 
benzene  0  -(magnesium  chloride)  with  ethyl  acetate  only  went  to  the  stage  of  formation  of  ketone  (but  not  of  ter¬ 
tiary  alcohol),  the  ketone  being  reduced  to  secondary  alcohol  which  was  esterlfied  by  the  ethyl  acetate. 
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The  ketone  was  evidently  reduced  by  addition  of  2MgCl  at  the  carbonyl  group,  as  evidenced  by  secondary  forma¬ 
tion  of  the  hydrocarbon  2,5-dlmethyl-2,5"dlphenylhexane  CgHsC  (CH3)2CH^HjjC  (CHs)^6H3.  The  reaction  with 
trimethylacetyl  chloride  evidently  went  in  similar  fashion.  Here,  however,  the  ester  of  the  secondary  alcohol  was 
accompanied  by  the  free  alcohol  2,5,5-£rlmethyl-2-phenyl-4-hexanol  (VI).  This  alcohol  could  be  prepared  In 
the  pure  form  by  reaction  of  tert-butyl  magnesium  chloride  with  0 -phenylisovaleryl  chloride. 


EXPERIMENTAL 

Reaction  of  tert-butylbenzene  0 -(magnesium  chloride)  with  aldehydes  and  ketones.  The  reaction  was 
performed  under  standard  conditions  with  the  same  ratios  of  components  in  all  of  the  experiments.  An  excess  of 
carbonyl  compound  was  taken.  We  give  details  of  a  typical  experiment.  In  the  course  of  4  hrs  200  g  0-chloro- 
tert-butylbenzene  was  added,  after  reaction  had  commenced,  to  48.6  g  magnesium  in  500  ml  ether.  After  com¬ 
pletion  of  the  addition,  the  mass  was  stirred  for  1  hr.  Addition  was  then  made  of  130  g  Isovaleraldehyde  and  stir¬ 
ring  was  continued  for  another  12  hrs.  After  the  reaction  mass  had  been  decomposed  with  water  and  weak  hydro¬ 
chloric  acid,  168  g  (61%)  2,7-dimethyl-2-phenyl-4-heptanol  was  Isolated  from  the  ethereal  solution.  In  other 
experiments  tert-butylbenzene  0 -(magnesium  chloride)  was  reacted  with  acetaldehyde,  proplonaldehyde,  butyralde- 
hyde,  Isobutyraldehyde,  acetone  and  methyl  ethyl  ketone.  The  properties  of  the  synthesized  alcohols  —  2-methyl- 
2-phenyl-4-pentanol  (I),  2-methyl-2-phenyl-4-hexanol  (II),  2-methyl-2-phenyl-4-heptanol  (III),  2,5-dlmethyl- 
2-phenyl-4-hexanol  (IV),  2,7-dlmethyl-2-phenyl-4-heptanol  (V),  2,5-dlmethyl-2-phenyl-4-pentanol  (VII)  and 
2,5-dlmethyl-2-phenyl-4-hexanol  (VIII)  —  and  their  yields  are  presented  in  the  table. 

Preparation  of  2-methyl- 2-phenyl -4-bromoheptane.  Hydrogen  bromide  was  bubbled  at  100®  for  16  hrs 
through  a  layer  of  alcohol  (III)  (87.5  g).  The  reaction  mass  was  then  washed  with  90%  sulfuric  acid  and  water, 
dried,  and  distilled  to  give  70  g  2-methyl-2-phenyl-4-bromoheptane  (XV).  Attempts  to  replace  the  hydroxyl  by 
bromine  with  the  help  of  phosphorus  tribromlde  and  40%  hydrobromlc  acid  were  unsuccessful. 

Reaction  of  tert-butylbenzene  0 -(magnesium  chloride)  with  esters.  1)  Reaction  with  methyl  formate. 

A.  180  g  methyl  formate  diluted  with  twice  as  much  ether  was  added  with  continuous  stirring  to  tert-butylbenzene 
0-(magnesium  chloride),  prepared  from  253  g  0 -chloro-tert-butyibenzene  and  60gMg,at5®in  the  course  of  2  hrs. 
Considerable  heat  was  developed  during  the  reaction.  The  following  substances  were  separated  by  fractional  distil¬ 
lation: 

Tert-butylbenzene:  30  g  (14.8%),  b.  p.  82-85®  (50  mm),  n^D  1.4930;  literature  data  [1]:  b.  p.  84.2® 

(50  mm),  n^D  1.4924. 

Formic  ester  of  2-methyl-2-phenyl-l-butanol  (X);  21  g  (7.3%).  Its  saponification  with  5%  alcoholic 
and  10%  aqueous  NaOH  solution  does  not  go  to  completion,  as  evidenced  by  the  ester  number  (found  265.95;  cal¬ 
culated  291.8),  analyses  for  active  hydrogen  (0.818),  and  the  elemental  analysis  of  the  alcohol  obtained  by  saponi¬ 
fication.  Found  %:  C  79.15,  79.36;  H  9.47,  9.43.  CnHi^.  Calculated  %:  C  80.44;  H  9.82. 

Formic  ester  of  2,6-dlmetfayl-2,6-dlphenyl-4-heptanol  (XII):  164  g  (68%).  Its  saponification  with  10% 
alcoholic  solutions  of  NaOH  and  KOH  did  not  go  to  completion  even  after  prolonged  boiling,  as  indicated  by  its 
ester  number  (found  163.3,  calculated  172.9),  and  by  the  properties  of  the  substance  (b.  p.  174®,  at  1  mm,  n®*D 
1.5420,  d^®*  1.0100)  obtained  by  saponification,  which  did  not  correspond  either  to  those  of  the  original  ester  or 
of  alcohol  (IX)  (see  table).  The  ester  is  not  saponified  at  all  by  10%  aqueous  NaOH. 

B.  Instead  of  the  ethereal  solution  of  methyl  formate  being  added  to  the  Grlgnard  reagent,  the  reverse 
procedure  was  followed.  The  same  quantities  of  starting  components  were  taken  and  the  Grlgnard  reagent  was 
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introduced  In  the  course  of  an  hour,  after  which  the  reaction  mixture  was  stirred  for  another  6  hrs  at  the  boiling 
point  of  ether.  The  reaction  gave  21%  tert-butylbenzene,  21%  of  die  formic  ester  of  2-methyl-2-phenyl-l- 
butanol  (X)  and  49.2%  of  the  formic  ester  of  2,6-dlmediyl-2,6-dlphenyl-4-heptanol  (XII). 

C.  38  g  of  methyl  formate,  diluted  with  double  the  quantity  of  ether,  was  run  Into  the  tert-butylbenzene 
8  “(magnesium  chloride)  prepared  from  316  g  8 -chloro-tert-butylbenzene  and  60  g  Mg  at  the  boiling  pint  of 
ether.  The  reaction  mixture  was  then  stirred  for  another  1  hr.  Fractional  distillation  gave  the  following  substances: 

Tert-butylbenzene:  52.5  g  (23.3%,  b.  p.  85-87*  (53  mm),  n^D  1.4924;  and  2,6-dlmethyl-2,6-dlphenyl- 
4-heptanol  (IX):  103  g  (55%). 

Dehydration  of  2,6-dimethyl-2,6-diphenyl-4-heptanol.  25  g  of  the  alcohol  was  heated  for  an  hour  at 
100*  with  8  g  oxalic  acid.  Fractional  distillation  gave  22  g  (94%)  of  2,6-dlmethyl-2,6-dlphenyl“4“hcptene  (XIII). 

2)  Reaction  with  ethyl  acetate  was  performed  under  the  same  conditions  as  with  methyl  formate,  using 
260  g  8  -chloro-tert-butylbenzene,  50  g  Mg  and  264  g  ethyl  acetate.  The  Grlgnard  reagent  was  run  into  die 
ethereal  solution  of  ethyl  acetate.  Considerable  heat  was  developed.  Fractional  dlstllladon  of  the  reaction  pro¬ 
ducts  gave  the  following: 

Tert-butylbenzene:  114  g  (59%),  b.  p.  89-90*  (60  mm),  n*®D  1.4910;  acetic  ester  of  2-methyl-2-phenyl- 
4-pentanol  (XI):  29  g  (17.6%);  2,5-dlmethyl-2,5-diphenylhexane:  37  g  (20.5%),  b.  p.  157-158*  (3  mm),  m.  p. 
59.5-60*.  Literature  [4]:  m.  p.  60-61*.  Found  %:  C  89.95,  89.97;  H  10.01,  9.98.  CjoHje.  Calculated  %:  C  90.01; 
H  9.87. 

Synthesis  of  2,5,5-trimethyl-2-phenyl-4-hexanol  (VI).  8-Phenyllsovalerlc  acid  with  m.  p.  59“  was  ob¬ 
tained  in  81%  yield  by  passage  of  gaseous  CO2  through  tert-butylbenzene  8 -(magnesium  chloride).  The  literature 

[1]  reports  m.  p.  58-59*.  A  solution  of  150  g  of  the  acid  in  250  ml  chloroform  was  added  with  vigorous  stirring  to 
430  g  PCI5.  Considerable  heat  was  generated.  After  the  acid  had  been  added,  the  reaction  mixture  was  stlned  for 
another  12  hrs  and  with  heating  to  50*  during  the  final  6  hrs.  160  g  8 -phenyllsovaleryl  chloride  (XIV)  was  obtained. 

Tert- butyl  magnesium  chloride  prepared  from  139  g  tert- butyl  chloride  and  48  g  Mg  was  added  at  3"  in 
the  course  of  an  hour  to  an  ethereal  solution  of  142  g  acid  chloride  (XIV).  After  the  addition  was  completed,  the 
mixture  was  stirred  for  another  2  hrs.  The  reaction  gave  89  g  of  alcohol  (VI).  Found  0.975  OH  group  per  molecule 
of  alcohol. 


SUMMARY 

1.  The  Grignard  reagent  from  1-chloro- 2-methyl -2- phenyl  pro  pane  —  tert-butylbenzene  8  -(magnesium 
chloride)  —  reacts  in  the  normal  manner  with  aldehydes  to  form  secondary  alcohols  in  a  yield  of  53-73%. 

2.  The  same  Grignard  reagent  reacts  with  ketones  to  form  tertiary  alcohols  in  considerably  lower  yields 
(22-37%),  since  the  ketones  are  partly  reduced  by  it  to  secondary  alcohols. 

3.  Reaction  of  tert-butylbenzene  8 -(magnesium  chloride)  with  methyl  formate  goes  mainly  according 
to  the  normal  mechanism  with  formation  of  secondary  alcohol  or  its  ft)rmlc  ester.  With  ethyl  acetate  the  reaction 
only  goes  to  the  stage  of  formation  of  ketone  which  is  then  reduced  to  secondary  alcohol  and  is  esterifled. 
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INVESTIGATIONS  ON  CONJUGATED  SYSTEMS 


XCII,  SEQUENCE  OF  ADDITION  OF  IODINE  TO  VINYLACETYLENIC  HYDROCARBONS* 

A.  A.  Petrov,  lu.  I.  Porflr'eva,  T.  V.  Iakovleva,  and  K.  S.  Mlngaleva 


In  preceding  papers  It  was  shown  that  die  sequence  of  addition  of  bromine  to  vlnylacetylenlc  hydrocar¬ 
bons  depends  on  their  structure.  Whereas  unconjugated  vlnylacetylenes  and  vlnylalkylacetylenes  add  on  bromine 
at  the  double  bond,  unsubstituted  vlnylacetylene  and  alkenylacetylenes  add  bromine  predominantly  In  the  1,4- 
posltlon  with  formation  of  allenlc  halo  derivatives.  This  behavior  was  attributed  to  changes  In  distribution  of  the 
electronic  density  In  the  conjugated  system  under  the  Influence  of  radicals  [1-5]. 

It  was  Interesting  to  compare  the  sequence  of  addition  of  different  halogens  to  vlnylacetylenlc  hydro¬ 
carbons.  We  know  that  In  the  case,  for  example,  of  butadiene.  Iodine  adds  on  only  In  the  1,4-posltlon,  whereas 
bromine,  and  more  so  chlorine,  give  considerable  quantities  of  1,2-products  [6].  With  this  objective  we  also  In¬ 
vestigated  the  sequence  of  addition  of  Iodine  to  vinyl-,  vlnylmethyl-,  vlnylethyl-,  propenyl-  and  allylmethyl- 
acetylenes.  The  literature  contains  data  only  for  the  reaction  of  vlnylacetylene  with  Iodine,  and  the  structure  of 
the  adduct  was  not  elucidated  [7]. 

All  of  the  reactions  of  this  class  that  we  Investigated  were  considerably  speeded  up  by  light,  so  that  a 
radical  mechanism  Is  definitely  Involved.  Iodine  added  very  slowly  In  the  dark. 

The  resulting  dliodldes  were  heavy  oils  which  were  colored  by  Iodine.  Their  structure  was  determined 
through  the  Infrared  spectra.  •• 

The  spectrum  of  dllodovinyl acetylene  contains  strong  frequencies  of  a  conjugated  system  of  double  bonds 
(1616  cm“*)  and  of  the  vinyl  grouping  (926,  966  and  6060  cm“*).  There  was  no  trace  of  the  frequencies  of  about 
2100  and  3300  cm~^  which  characterize  a  terminal  acetylenic  grouping.  Nor  did  the  spectrum,  contain  frequen¬ 
cies  characteristic  of  the  allenlc  system  (1960  cm"^).  The  neighboring  weak  frequency  of  1920  cm"^  Is  observed 
In  the  spectra  of  many  dienlc  compounds.  Strong  absorption  at  760  cm”^  bears  witness  to  the  cls-conflguratlon  of 
at  least  the  greater  part  of  the  product. 

It  has  thus  been  established  that  iodine  adds  onto  vlnylacetylene  at  the  acetylenic  bond. 

The  same  conclusions  are  reached  when  we  consider  the  spectra  of  the  dllodo  derivatives  of  vlnylmethyl 
and  vinylethylacetylenes.  Here  the  conjugated  system  of  double  bonds  Is  associated  with  the  extremely  Intense 
1603  cm“^  frequency,  and  the  vinyl  group  has  strong  frequencies  at  917  and  965  cm“^,  as  well  as  a  characteristic 
overtone  at  6060  cm“\  Very  weak  absorption  Is  observed  in  the  normal  region  of  absorption  of  disubstituted  ace¬ 
tylenes,  and  this  is  probably  an  overtone.  The  1960  cm"^  frequency  is  absent  from  the  spectrum.  Consequently, 
the  sequence  of  addition  of  Iodine  to  vlnylalkylacetylenes  does  not  difto  from  that  in  the  case  of  unsubstituted 
vlnylacetylene. 

Apart  from  the  strong  bands  due  to  the —CH  =  CH— grouping  (947  and  1640  cm”^),the  spectrum  of  dl- 
lodopropenylacetylene  also  contains  a  weak  band  at  1971  cm“^  which  Is  suggestive  of  the  presence  of  a  very  small 

•  Enynlc  compounds.  XXI. 

••  Investigations  were  carried  out  both  on  the  distilled  substances  and  on  products  obtained  by  removal  of  the 
solvent  and  starting  hydrocarbon  from  the  reaction  mixture  In  vacuo  at  a  temperature  not  exceeding  20*.  The 
spectra  of  the  latter  contained  many  weak  frequencies  in  the  region  above  2000  cm“^.  No  differences  In  position 
and  intensity  of  the  principal  frequencies  were  observed.  Distillation  Is  therefore  not  accompanied  by  Isomerization. 
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Infrared  transmission  spectra  of  diiodo  compounds.  1)  Vinylacetylene;  2)  vinylmethyl- 
acetylene;  3)  vinylethylacetylene;  4)  propenylacetylene  (2nd  fraction);  4)  allyl- 
methylacetylene  (crystalline  product  with  m.  p.  65*);  6)  allylmethylacetylene  (liquid). 

quantity  of  1,4-adduct  in  the  diiodo  derivative.  The  2102  cm“*  frequency  can  be  assigned  to  the  valence  vibra¬ 
tion  of  the  terminal  acetylenic  bond,  but  the  usually  very  much  more  Intense  frequency  of  the  valence  vibrations 
of  the  acetylenic  hydrogen  is  entirely  absent.  The  frequency  at  about  2100  cm"^  is  therefore  an  overtone. 
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It  has  thus  been  established  that  conjugated  vlnylacetylenes  add  on  Iodine  at  the  acetylenic  bond  regard¬ 
less  of  the  structure. 

Iodine  adds  on  to  allylmethylacetylene  with  great  facility  at  both  of  the  multiple  bonds:  the  main  pro¬ 
duct  of  the  reaction  when  equimolar  quantities  of  Iodine  and  hydrocarbon  are  mixed  Is  the  tetralodo  compound. 

No  tetralodo  compound  was  detected  when  conjugated  vlnylacetylenes  were  reacted,  evidently  due  to  sterlc  hin¬ 
drance.  Two  dllodo  compounds  were  formed  In  addition  to  the  tetralodo  compound:  a  liquid  and  a  crystalline 
substance.  The  spectrum  of  the  liquid  contains  a  strong  double-bond  band  (1640  cm"^);  In  this  region  the  spec¬ 
trum  of  the  solid  substance  exhibits  only  weak  absorption. 

The  observed  differences  In  the  sequence  of  addition  of  bromine  and  Iodine  to  vlnylacetylenic  hydrocar¬ 
bons  are  evidently  associated  with  differences  in  reaction  mechanisms:  bromine  adds  on  by  Ionic  or  molecular 
mechanism  and  Iodine  by  a  well-marked  radical  mechanism. 

Selective  addition  of  atomic  Iodine  at  the  acetylenic  bond  Is  determined  In  our  opinion  by  the  greater 
stability  of  the  transition  complex  formed  In  this  case.  Interaction  of  a  free  electron  of  the  iodine  atom  with  the 
TT-electrons  of  the  triple  bond  can  result  In  conjugation  of  this  electron  with  the  entire  enynlc  system.  Such  a 
conjugation  does  not  occur,  however,  when  the  site  of  addition  Is  the  double  bond. 

Hydrogenation  of  vlnylacetylenic  hydrocarbons  Is  most  probably  also  accompanied  by  radical  addition 
of  hydrogen  atoms,  and  as  In  the  case  of  Iodine  addition  to  the  reaction  takes  place  at  the  actylenlc  bond  [8]. 

EXPERIMENTAL 

Addition  of  Iodine  to  Vlnylacetylenic  Hydrocarbons 

Vlnylacetylene.  A  solution  of  20  ml  of  vlnylacetylene  In  30  ml  ethyl  chloride  and  50.8  g  Iodine  were 
exposed  for  several  hours  In  diffused  light  In  a  closed  vessel  which  was  shaken  periodically.  After  decolorlzatlon 
had  occuned,  the  ethyl  chloride  was  evaporated  off  and  the  residue  was  distilled  In  vacuo.  The  following  frac¬ 
tions  were  obtained:  1st,  to  84",  3.7  g;  2nd,  84-85",  49  g;  residue  3.0  g. 

The  following  constants  were  found  for  l,2-dllodo-l,3-butadlene*  : 

B.  p.  84-84.5"  (5  mm),  d4“  2.5652,  n“*^a  1.7082,  n*^-'^D  1.7165.  MR^  46.51;  calc.  43.90.  Found  *70: 

I  82.47,  82.55.  C4H4I2.  Calculated  I  82.98. 

Infrared  spectrum  ••(cm"^):  763  very  strong,  926  very  strong,  966  very  strong,  1056  medium,  1103  very 
strong,  1173  very  weak,  1202  medium,  1232  strong,  1404  very  strong,  1524  very  strong,  1616  strong,  1840  medium, 
1920  weak,  2035  weak,  2204  very  weak,  2849  weak,  2921  strong,  2967  very  strong,  3001  medium,  3050  strong, 

3082  very  strong. 

Vlnylmethylacetylene.  Under  the  same  conditions,  25  g  Iodine  and  8  g  vlnylmethylacetylene  gave  a 
product  which  on  distillation  In  vacuo  (5  mm)  yielded  the  following  fractions:  1st,  to  94",  2.5  g;  2nd,  94-95", 

24.5  g;  residue  2.7  g. 

The  following  constants  were  found  for  2,3-dllodo-l,3-pentadlene: 

B.  p.  94-94.5"  (5  mm),  d4*“  2.3781,  n“a  1.6886,  MR^  51.34;  calc.  48.50.  Found  <7flc  I  79.44.  CgH^I*. 
Calculated  <70:  1  79.34. 

Infrared  spectrum  (cm”*^):  760  very  weak,  917  very  strong,  965  very  strong,  1030  strong,  1064  very  strong, 
1102  very  weak,  1144  medium,  1270  weak,  1298  weak,  1373  very  strong,  1401  very  strong,  1603  very  strong,  1830 
medium,  1920  weak,  2027  weak,  2092  very  weak,  2162  very  weak,  2239  weak,  2713  medium,  2790  medium,  2824 
strong,  2908  very  strong,  2954  strong,  2977  strong,  3003  strong,  3105  very  strong. 

The  reaction  went  to  the  extent  of  10<7o  when  a  chloroform  solution  of  the  hydrocarbon  and  Iodine  with 
a  concentration  of  0.1  mole/liter  stood  In  the  dark  for  3  days.  In  diffused  light  the  reaction  was  completed 
In  3  hrs. 


•  Dllodovlnylacetylene  Is  reported  [7]  to  have  b.  p.  91.5-92"  (3  mm). 

••  The  Infrared  transmission  spectra  were  plotted  with  the  IKS-12  spectrograph  with  an  LIF  prism  In  the  region 
up  to  5.5  fi ,  and  subsequently  with  a  NaCl  prism. 
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Vinylethylacetylene.  The  product  obtained  from  50.8  g  Iodine  and  17  g  hydrocarbon  in  30  ml  ethyl  chloride 
gave  the  following  fractions  on  distillation  in  vacuo  (5  mm):  1st,  to  101“,  5.0  g;  2nd,  101-103*,  37.7  g;  residue 
5.2  g. 

The  following  constants  were  found  for  2,3-dllodo-l,3-hexadlene: 

B.  p.  101-103’  (5  mm).  d4“  2.2175,  n“-*a  1.6639,  55.85;  calc.  53.09.  Found  I  75.88,  76.66. 

Calculated  <’]o:  I  76.01. 

Infrared  spectrum  (cm"*):  787  very  strong,  916  very  strong,  947  weak,  964  very  strong,  1035  weak,  1072 
very  strong,  1088  very  strong,  1146  strong,  1255  medium,  1308  medium,  1378  strong,  1402  very  strong,  1421  strong, 
1453  very  strong,  1606  very  strong,  1830  medium,  1920  weak,  2045  very  weak,  2220  weak,  2814  weak,  2848  medium, 
2865  very  strong,  2925  very  strong,  2954  very  strong,  3000  medium,  3095  strong. 

Pro penylacetylene.  12.7  g  iodine  and  3.8  g  hydrocarbon  gave  15  g  of  a  substance  which  was  resolved  into 
the  following  fractions  on  distillation:  1st,  to  93’,  1.0  g;  2nd,  93.5-94.5’,  3.5  g;  3rd,  95-97’,4.5  g;  4th,  97-102’, 
3.1  g:  residue  1.2  g. 

The  following  constants  were  found  for  the  2nd  fraction: 

d4”  2.3410,  n“**a  1.6827,  n^D  1.6860,  MR^  51.81;  calc.  48.50.  Found  %:  I  78.46,  78.62.  CgH^Ij. 
Calculated  I  79.34. 

Infrared  spectrum  (cm"*):  720  very  strong,  801  weak,  910  strong,  931  strong,  947  very  strong,  970  strong, 

1035  weak,  1060  very  strong,  1090  medium,  1110  very  strong,  1205  very  strong,  1280  strong,  1360  medium,  1377 
medium,  1402  medium,  1453  very  strong,  1640  very  strong,  1971  medium,  2102  weak,  2841  strong,  2860  medium, 
2901  very  strong,  2930  very  strong,  2964  strong,  3012  strong,  3060  very  strong,  3080  very  strong. 

The  compound  did  not  lose  Iodine  when  stood  with  alcoholic  KOH  for  2  hrs. 

Found  for  the  3rd  fraction: 

d4®  2.3427,  n®a  1.6836,  MR^^  51.73;  calc.  48.50. 

Found  for  the  4th  fraction:  d4**  2.3470. 

Found  %:  I  79.66.  CgHgl,.  Calculated  I  79.34. 

The  compound  loses  about  25%  Iodine  when  stood  with  5%  KOH  solution. 

The  Intensity  and  position  of  the  frequencies  associated  with  the  multiple  bonds  do  not  differ  from  those 
given  for  the  2nd  fraction. 

Allylmetfaylacetylene.  Fairly  rapid  decolorlzatlon  occurred  when  a  solution  of  8  g  hydrocarbon  In  30  ml 
ethyl  chloride  was  shaken  with  25  g  Iodine,  and  a  crystalline  precipitate  was  formed  (16  g,55%ofthe  total  reac¬ 
tion  products).  The  latter  was  separated  and  recrystalllzed  from  carbon  tetrachloride.  M.  p.  103-105’.  Sparingly 
soluble  In  the  usual  organic  solvents. 

Found  %:  I  87.25,  85.76.  CgH,!*.  Calculated  %:  I  86.37. 

5  g  of  a  crystalline  substance  came  down  from  the  liquid  after  evaporation. 

M.  p.  65*  (from  CCI4).  Very  much  more  soluble  than  the  tetralodo  compound. 

Found  %;  I  78.07,  78.10.  CgHgl,.  Calculated  %:  I  76.01. 

Infrared  spectrum  (cm"*)  In  CCI4;  886  weak,  902  strong,  925  medium,  943  strong,  1054  strong,  1107  very 
strong,  1135  very  strong,  1184  very  strong,  1230  very  strong,1290medium,1355strong,1382medlum,1427very  strong, 
1644very  weak (?),2052very  weak, 2240weak,2734 medium,  2815  medium,  2854  strong,  2888  strong,  2917  very 
strong,  2964  strong,  3028  medium,  3092  weak. 

The  oil  left  after  the  crystals  had  been  separated  was  distilled  In  vacuo  (4  mm)  to  give  the  following  frac¬ 
tions;  1st,  to  97’,  2  g;  2nd,  97-98’,  6.1  g;  residue,  3.5  g.  All  of  these  fractions  partly  crystallized  on  standing. 

The  crystals  deposited  from  the  2nd  fraction  WCTe  collected  (1.3  g,  m,  p.  65’),  and  the  liquid  was  examined.  The 
following  data  were  obtained: 
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d4“  2.1810,  n^'^a  1.6395,  MR„  55,13;  calc.  53.09.  Found  1  75.25,  75.15.  QHglj.  Calculated 
I  76.01. 

Infrared  spectrum  (cm“^):  778  weak,  811  weak,  871  weak,  888  medium,  920  very  strong,  964  very  strong, 
976  very  strong,  988  very  strong,  1055  strong,  1103  strong,  1120  very  weak,  1180  medium,  1202  strong,  1284  me¬ 
dium,  1292  weak,  1350  very  weak,  1375  strong,  1427  very  strong  1640  very  strong. 

The  crystalline  dllodo  compound  constituted  28%  and  the  liquid  17%  of  the  total  product. 

SUMMARY 

1.  The  sequence  of  addition  of  Iodine  to  five  vlnylacetylenic  hydrocarbons  was  Investigated:  vinyl-, 
vlnylmethyl-,  vlnylethyl-,  propenyl-  and  allylmethylacetylenes. 

2.  It  was  shown  that,  except  with  the  last  compound.  Iodine  adds  on  at  the  acetylenic  bond.  It  adds  on  to 
allylmethylacetylene  at  both  of  the  multiple  bonds  with  considerable  formation  of  the  tetralodo  compound. 

3.  The  reaction  Is  accelerated  by  light,  and  therefore  a  chain  radical  mechanism  Is  Involved. 

4.  It  is  suggested  that  the  difference  In  the  sequence  of  addition  of  Iodine  and  bromine  to  vlnylacetylenic 
hydrocarbons  is  associated  with  different  mechanisms  of  addition  (an  Ionic  mechanism  was  previously  proposed 
for  addition  of  bromine). 
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INVESTIGATIONS  ON  CONJUGATED  SYSTEMS 
XCIII.  THE  SEQUENCE  OF  ADDITION  OF  ALKYL  HYPOBROMITES  TO  VINYLALKYLACETYLENES* 

A.  A.  Petrov,  lu.  I.  Porflr’eva,  and  G.  I.  Semenov 


In  preceding  communications  we  showed  that  vinylalkylacetylenes  add  on  hydrogen  [1]  and  iodine  [2]  at 
the  triple  bond,  bromine  [3]  and  alkyl  hypobromites  [4]  at  the  double  bond,  and  hydrogen  halides  [5]  predominantly 
in  the  1,4-position.  These  differences  in  the  sequence  of  addition  of  bromine  and  iodine  were  thought  to  be  due 
to  differences  in  reaction  mechanism  (ionic  in  one  case  and  radical  in  the  other).  Concerning  the  differences  in 
order  of  addition  of  bromine  and  hydrogen  bromide,  these  were  correlated  with  the  inability  of  the  triple  bond  to 
give  a  transition  ir -complex  with  bromine,  whereas  hydrogen  halides  form  such  complexes  with  facility. 

The  structure  of  the  products  of  addition  of  all  of  these  substances  to  vlhylacetylenes  was  determined  by 
chemical  methods  and  with  the  help  of  their  infrared  spectra  (except  in  the  case  of  products  of  addition  of  alkyl 
hypobromites,  for  which  the  second  technique  was  not  used).  Since  infrared  spectra  are  the  most  sensitive  and 
reliable  means  of  determination  of  the  structure  of  isomeric  products  of  addition  of  various  substances  to  vinyl- 
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Infrared  transmission  spectra.  1)  Bromoether  from  vlnyl- 
methylacetylene,  2)  bromoether  from  vinylethylacetyl- 
ene  (obtained  by  the  action  of  bromine  on  an  alcoholic 
solution  of  hydrocarbon),  3)  bromoether  from  vlnylpro- 
pylacetylene,  4)  bromoether  from  vlnylbutylacetylene, 
5)  enol  ether  obtained  from  vlnylm  ethyl  acetylene. 

•  Enynlc  systems.  XXn. 


acetylenic  hydrocarbons  [6],  we  repeated  the  experi¬ 
ments  on  addition  of  alkyl  hypobromites  to  vinylalkyl¬ 
acetylenes  and  Investigated  the  spectra  of  the  resulting 
bromoethers  and  the  products  of  their  dehydrobromlna- 
tlon. 

The  infrared  spectra  of  all  of  the  bromoethers 
(see  diagram)  contained  a  strong  triple  bond  band,  usually 
consisting  of  several  frequencies  in  close  proximity  with 
a  maximum  at  2247  or  2257  cm“^.  Frequencies  charac¬ 
teristic  of  dienic  (1625  cm“^)  and  allenlc  (1965  cm”^) 
groupings  were  very  weakly  represented  in  the  spectra. 
Slight  absorption  in  the  1700  cm”^  region  is  very  fre¬ 
quently  observed  in  the  spectra  of  acetylenic  compounds 
[7].  The  ether  grouping  evidently  conesponds  to  the 
1100-1114  cm"^  doublet.  In  the  900-1000  cm"^  region 
all  the  spectra  contain  two  intense  bands  at  ~  950  and  970 
cm"^  and  a  weak  band  forming  an  overtone  on  a  preced¬ 
ing  bandat~917cm“^  The  917  and  970  cm"^  frequencies 
mightbe  associated  with  the  presence  of  a  vinyl  group  in 
the  bromoethers,  although  in  the  1600-1640  cm“^  region 
andat6100  cm“^  (overtone)  the  bromoethers  do  not  exhibit 
the  strong  absorption  characteristic  of  this  group.  The 
frequencies  are  most  probably  associated  mainly  with 
vibrations  in  saturated  radicals. 

Consequently,  the  infrared  spectra  confirm  the 
earlier  conclusions  to  the  effect  that  alkyl  hypobromites 
add  on  almost  exclusively  at  the  olefinic  bond.  At  the 
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same  time  they  indicate  that  acetylenic  bromoethers  are  not  the  sole  products  of  the  reaction:  very  small  quan¬ 
tities  of  1,3-dlenic  and  allenic  bromoethers  are  also  formed. 

Formation  of  a  small  quantity  of  allenic  bromoethers  was  confirmed  by  the  infrared  spectra  of  the  enollc 
ethers  —  products  of  dehydrobromlnation  of  the  original  bromoethers.  These  spectra  contain  a  weak  frequency  at 
about  3300  cm“^  which  is  characteristic  of  the  hydrogen  of  a  terminal  acetylenic  grouping.  Formation  of  an  ether 
from  such  a  grouping  is  only  possible  from  an  allenic  bromoether  according  to  the  equation  R — COR  =  C  =  CH— 

-CH^r->  R— C0R=C=C  =  CH2-»  R— C0R  =  CH— C  sCH. 

The  intensity  of  the  3300  cm"*  frequency  falls  off  sharply  on  passage  from  vlnylmethylacetylene  to  vinyl- 
ethylacetylene,  and  is  hardly  perceptible  in  the  higher  homologs.  Proof  that  the  3300  cm”*  frequency  is  associa¬ 
ted  with  the  stretching  frequency  of  the  acetylenic  hydrogen  Is  afforded  by  its  disappearance  after  treatment  of 
the  enolic  ethers  with  ammonlacal  silver  oxide.  The  enollc  ethers  are  then  recovered  to  the  extent  of  over  90%. 

Consequently,  the  content  of  impurities  must  be  much  below  10%.  A  precipitate  of  silver  derivative  only  comes 
down  in  the  case  of  the  enollc  ether  prepared  from  vlnylmethylacetylene.  Very  slight  turbidity  Is  observed  In  other 
cases. 

We  effected  addition  of  alkyl  hypobromltesto  vinylalkylacetylenes  by  two  methods:  a)  by  the  action  of 
benzenedibromosulfonamide  on  alcoholic  solutions  of  the  hydrocarbons;  b)  by  the  action  of  a  solution  of  bromine 
in  methanol  on  a  solution  of  the  hydrocarbon  in  the  same  alcohol.  The  infrared  spectra  failed  to  reveal  any  sig¬ 
nificant  differences  in  the  structures  of  the  resulting  bromoethers.  The  second  method  gave  compounds  with  excess 
of  bromine  due  to  the  presence  of  a  small  quantity  of  dibromldes. 

EXPERIMENTAL 

Methods  of  preparation  of  the  hydrocarbons,  their  constants  and  the  method  of  preparation  of  the  bromo-  ^  II 

ethers  with  the  help  of  benzenedibromosulfonamide  were  described  in  previous  communications  [3,  4].  In  this 
paper  (see  Table  1)  we  again  present  the  constants  of  some  of  the  bromoethers  (since  they  were  obtained  in  large 
quantities  and  the  boiling  point  previously  found  for  the  bromoether  from  vinylpropylacetylene  was  erroneous  [4]).  i  m 


TABLE  1 


Substance 

Boiling 
point 
(10  mm) 

.20 

^4 

20 

"D 

MRd 

found 

1 

calc. 

GHaBr— GH(0CH3)-C=G-GH., 

65-66° 

1.3647 

1.4880 

37.38 

37.31 

GllsBr— GH(0GH3)-G=G— G^li^ 

77—78 

1.2900 

1.4804 

42.11 

41.93 

GHaBr— GH(OGn3)— G=G— Gjll, 

88—89 

1.2415 

1.4782 

46.78 

46.55 

Gn2Br-GH(OGn3)-G=G— G4I19 

105—106 

1.2016 

1.4758 

51.42 

51.17 

The  hydrocarbons  were  treated  with  an  alcoholic  solution  of  bromine  under  the  following  conditions. 

A  methanol  solution  of  0.2  mole  bromine  (cooled  to  —5  to  —10")  was  added  dropwise  with  Intensive  stirring 
to  a  solution  of  0.25  mole  vlnylethylacetylene  in  100  ml  alcohol  (cooled  to  the  same  temperature).  When  the 
reaction  was  completed,  the  mixture  was  diluted  with  water,  and  the  layer  of  bromoether  was  collected,  washed 
with  saturated  CaClj  solution  and  distilled.  There  was  obtained  25  g  product  which  yielded  the  following  fractions 
on  distillation  In  vacuo  (10  mm):  1st,  to  76",  1.5  g;  2nd,  76-78",  16.8  g;  3rd,  78-80",  5  g;  4th,  80-82",  3  g; 
residue,  7  g.  Yield  of  bromoether  (fractions  2  and  3)  57%. 

The  main  fraction  had:  d4*’  1.3164,  n*®D  1.4848. 

Found  %:  Br  44.33,  44.27.  CyHiiOBr.  Calculated  %:  Br  41.92. 

The  analytical  data  Indicate  that  the  product  Is  contaminated  with  about  10%  of  dlbromlde. 

Treatment  of  the  bromoether  with  alcoholic  alkali  gave  die  enol  ether  with  the  following  constants:  b.  p. 
53-54"  (20  mm),  d4“  0.8894,  n^D  1.4685. 
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TABLE  2 


Infrared  Transmission  Spectra  of  Bromoethers  CHjBr — CHfOCHg) — C  sC — R 
with  the  Following  Values  of  R 


‘ML 


2278*  strong 
2257  strong 
2257  •  strong 
1965  V.  weak 
1695  weak 
1605  weak 
1  ^(66  strong 
1377*  strong 
1 333  strong 

1248*  med. 
1206  strong 
1156  ^strong 
1114  V.  strong 
1100*v.  strong 
1040  strong 
1006  strong 
971  strong 
9 47  strong 


781  med. 
734  med. 


Note.  Starred  frequencies  are  overtones  on  other  (stronger)  frequencies. 


Its  specific  gravity  and  refractive  index  are  slightly  higher  than  for  the  pure  substance  due  to  the  pressure 
of  bromide  formed  by  dehydrobromlnatlon  of  dlbromide  which  was  contained  In  the  original  bromoether. 

The  infrared  spectra  were  obtained  with  the  IKS-2  spectrograph,  using  a  lithium  fluoride  prism  down  to 
5.5  fi  and  subsequently  a  sodium  chloride  prism.  The  thickness  of  the  layer  was  0.1  mm  and  less. 

The  spectra  of  the  purified  enollc  ethers  were  closely  studied  In  one  of  the  preceding  communications  [8]. 
Data  for  the  spectra  of  the  bromoethers  are  presented  In  Table  2  and  plotted  in  the  diagram. 


SUMMARY 

1.  A  study  of  the  infrared  spectra  confirmed  the  previous  conclusion  as  to  the  preferential  addition  of  alkyl 
iiypobromltes  to  vlnylalkylacetylenes  (by  the  action  of  benzenedlbromosulfonamlde  on  alcoholic  solutions  of  the 
hydrocarbons)  at  the  double  bond. 

2.  It  was  ^wn  diat  along  with  this  main  direction  of  the  reaction,  there  Is  partial  addition  of  alkyl  hypo- 
bromltes  at  the  acetylenic  bond  and  In  the  1,4-posltion.  With  Increasing  size  of  the  alkyl  radical  of  the  hydro¬ 
carbon,  the  last  direction  of  the  reaction  becomes  less  pronounced. 

3.  It  was  establldied  that  the  addition  reaction  goes  In  the  same  direction  when  bromine  acts  on  alcoholic 
solutions  of  vlnylalkylacetylenes. 
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C,!!; 

2294  strong 

2288  *  strong 

2278  strong 

2268  strong 

2269  strong 

2257  strong 

2247  strong 

2247  strong 

2237  *  strong 

1965  V.  weak 

1965  V.  weak 

1965  v.weak 

1709  weak 

1715  weak 

1710  weak 

1626  weak 

11)09  weak 

1608  weak 

1456  strong 

1456  strong 

1460  strong 

— 

1i>77  strong 

1381  strong 

1346  strong 
1321  strong 

1330  strong 
1318  strong 

1335  strong 

1 270  *  med. 

1270  *med. 

1276  med. 

1209  strong 

1206  strong 

1206  strong 

1163  strong 

1156  ’’strong 

1156  *  strong 

1114  V.  strong 

1114  V.  strong 

1 114  V.  strong 

1100  V.  strong 

1 100  *v. strong 

1100*  v.stronj 

1038  strong 

1 039  strong 

1039  strong 

1012  strong 

1006  strong 

1 006  stron[' 

971  strong 

974  strong 

968  strong 

950  strong 

950  strong 

947  strong 

917  med. 

— 

917  weak 

850  med. 

888  med. 

888  weak 

821  med. 

808  med. 

826  weak 

781  med. 

777  med. 

793  med. 

— 

— 

741  med. 
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THE  VAPOR-PHASE  CATALYTIC  HYDRATION  OF  ACETYLENE 


AND  ITS  HOMOLOGS 

m.  STUDY  OF  THE  PROCESS  OF  CATALYTIC  HYDRATION  OF  ACETYLENE 
OVER  SOME  SOLID  CATALYSTS 

lu.  A.  Gorin  and  I.  K.  Corn 


Information  on  the  hydration  of  acetylene  to  acetaldehyde  In  the  gas  phase  over  solid  catalysts  has  been  sup¬ 
plied  mainly  by  the  patent  literature  without  any  discussion  of  theoretical  considerations  that  ml^t  enable  corre¬ 
lation  of  the  activity  of  the  catalysts  with  their  nature  and  properties.  The  lack  of  such  data  must  be  attributed 
to  the  empirical  basis  of  selection  of  the  majority  of  the  catalysts  put  forward  in  patents.  There  has  been  an  en¬ 
tire  lack  of  systematic  work.  Of  the  large  number  of  substances  proposed,  we  can  only  mention  some  of  the  more 
common  ones:  phosphoric  acid  and  various  phosphates  (In  particular  copper  phosphate  ,  zinc  phosphate  and  cad¬ 
mium  phosphate),  sometimes  other  salts  of  the  same  metals,  and  compounds  of  tungsten,  molybdenum  and  vana¬ 
dium  [1-3].  The  mechanism  of  the  hydration  of  acetylene  over  solid  catalysts  has  been  very  Inadequately  Investi¬ 
gated,  although  an  Insight  Into  this  mechanism  might  be  expected  to  facilitate  the  correct  choice  of  catalyst. 

There  are  only  a  few  publications  dealing  with  the  fundamentals  of  this  reaction,  and  they  do  not  contain  any  de¬ 
tailed  considerations. 

Boswell  and  Dllworth  [4]  studied  the  catalytic  action  of  alumina  In  a  number  of  hydration  and  dehydration 
reactions  (Including  the  hydration  of  acetylene)  and  attribute  the  effect  to  surface  films  of  ions  of  dissociated  water 
which  cover  the  catalyst  particles.  lakubovlch  and  others  [5]  studied  the  activating  effect  of  phosphates  of  zinc 
and  copper  on  phosf^oric  acid  supported  on  active  carbon.  They  apparently  suggested  that  the  copper  salt  activates 
the  process  when  it  Is  in  a  state  of  higher  valence  since  they  consider  the  reduction  to  the  lower  valence  stage  to 
be  one  of  the  possible  causes  of  deactivation  of  the  catalysts  during  the  reaction.  They  found  the  lower  oxide  in 
the  spent  catalyst. 

An  Insight  Into  the  mechanism  of  the  reaction  at  solid  catalysts  can  be  obtained  from  the  Ideas  propounded 
by  some  Investigators  on  the  liquid-phase  process.  A.  L.  Klebanskii  and  V.  D.  Titov  [6]  Investigated  the  hydration 
of  acetylene  In  phosphoric  add  solution  in  presence  of  salts  of  zinc,  silver  and  mercury;  they  attribute  the  activa¬ 
ting  action  of  these  salts  to  their  ability  to  form  complexes  with  acetylene,  the  molecule  of  the  latter  becoming 
activated  on  ionization  of  the  complex.  The  authors  emphasize  that  the  activating  action  of  such  salts  Is  especially 
conspicuous  when  the  reaction  Is  conducted  In  the  vapor  phase  on  solid  supports.  The  theory  of  Klebanskii  and 
Titov  Is  an  Interesting  one  since  the  nature  of  the  activation  of  acetylene  may  be  the  same  In  the  conditions  of 
liquid-phase  and  gas-phase  hydration.  The  actual  occurrence  of  ionization  of  acetylene  in  solutions  under  the 
action  of  lower  copper  salts  was  subsequently  confirmed  by  the  work  of  A.  L.  Klebanskii,  I.  M.  Dolgoplosk,  and 
L.  F.  Dobler  [7,  8].  The  autiiors  associate  the  ready  susceptibility  of  acetylene  to  ionization  with  the  mobility 
of  the  ir-electrons  of  the  triple  bond. 

In  the  present  work  we  studied  the  hydration  of  acetylene  over  solid  catalysts  containing  various  cations, 
since  the  development  of  cations  capable  of  activating  the  reaction  can  serve  as  a  first  step  toward  the  under¬ 
standing  of  the  mechanism  of  action  of  a  catalyst.  In  order  to  exclude  the  Influence  of  anions,  we  used  only  phos¬ 
phates  as  catalyst.  Along  with  ihls  we  Investigated  the  catalytic  action  of  some  of  those  metals  whose  phosphates 
were  found  to  be  active  catalysts. 
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Special  Features  of  the  Electronic  Structure  of  Phosphates  Capable  of  Catalyzing 
the  Hydration  of  Acetylene 

Of  the  very  large  number  of  phosphates  (neutral  orthophosphates)  only  a  few  are  capable  of  catalyzing  the 
hydration  of  acetylene,  namely  the  phosphates  of  copper,  cadmium  and  zinc.  A  number  of  other  phosphates  are 
characterized  by  extremely  low  activity  or  by  substantial  absence  of  activity.  Our  experimental  results  are  pre¬ 
sented  in  the  table  (Nos,  1-10). 


Activity  of  Some  Fliosphates  as  Catalysts  of  the  Hydration  of  Acetylene  to  Acetaldehyde 


No. 

Phosphate  cation 

Tempera¬ 

ture 

Degree  of 
conversion 

Yield  of  acetaldehyde 
(mole<yo) 

of  acetylene 
(in  %) 

on  acetyl¬ 
ene  passed 
through 

on  acetylen 
converted 

1 

Copper  (ic) 

250—300^ 

88.0 

55.7 

63.2 

2 

Cadmium 

390—400 

73.8 

62.0 

83.8 

;< 

Zinc* 

390—400 

52.2 

48.3 

92.7 

4 

Calcium 

390-400 

3.3 

1.2 

— 

5 

Strontium 

390-400 

0.0 

0.0 

— 

(5 

Barium 

:i90— 400 

1.6 

0.0 

— 

7 

Aluminum 

390—400 

0.0 

0.0 

— 

8 

Iron  (ic) 

390—400 

6.1 

1.3 

— 

9 

Nickel 

390—400 

6.0 

4.2 

— 

10 

Tin 

390— 400 

0.0 

0.0 

— 

11 

12 

Mercury  (20  wt.%of  mer¬ 
curic  phosphate  on  cal¬ 
cium  phosphate) 

320—330 

4.8 

2.4 

— 

Silver  (20  wt.%  of  silver 
phosphate  on  calcium 

200—300 

6.7 

2.6 

13 

phosphate) 

200—300 

44.6 

35.2 

78.8 

Silver  (phosphate) 

•  The  catalytic  properties  of  zinc  phosphate  were  previously  studied  by  lu.  A.  Gorin,  A.  N. 

Makashina  and  others  [9]. 

Phosphates  of  copper,  cadmium  and  zinc  differ  In  respect  to  the  nature  of  their  catalytic  action.  The  over¬ 
all  catalytic  activity  of  copper  phosphate,  determined  from  the  degree  of  conversion  of  acetylene.  Is  so  high  that 
hydration  of  acetylene  proceeds  In  its  presence  at  a  relatively  low  temperature.  At  the  same  time  the  catalyst 
has  poor  selectivity,  the  yield  of  acetaldehyde  (reckoned  on  reacted  acetylene)  being  low,  since  secondary  reac¬ 
tions  play  an  important  part  (condensation  of  acetaldehyde  to  crotonaldehyde  and  oily  products,  and  polymeriza¬ 
tion  of  acetylene  to  cuprene).  The  polymers  are  the  cause  of  the  rapid  choking  of  the  reaction  tube. 

Cadmium  phosphate  is  less  active  than  copper  phosphate,  the  hydration  of  acetylene  over  Cd3(P04)2  requir¬ 
ing  a  higher  temperature  (reaction  starts  at  330-350“),  although  this  catalyst  Is  very  much  more  selective  and  Is 
more  stable. 

The  least  active  of  the  three  catalysts  Is  zinc  phosphate.  It  is  evident  that  the  difference  in  behavior  of  the 
phosphates  during  hydration  of  acetylene  must  be  governed  by  the  character  of  their  cations.  From  this  standpoint 
the  cations  of  the  phosphate  which  are  active  catalysts  must  possess  some  property  In  common.  We  established 
such  a  general  property  in  the  structure  of  the  electron  shells  of  the  elements  Cu,  Zn  and  Cd  [10].  In  each  of  these 
elements  one  or  two  of  the  electrons  of  the  £  subgroup  are  In  the  outer  shell.  The  d  subgroup  of  the  preceding 
(penultimate)  orbital  Is  then  completely  filled  by  ten  electrons  (Cu  —  3d“4s,  Zn  —  3d^®4s*,  Cd  —  4d*®5s*).  To 
the  same  elements  whose  d  subgroup  Is  not  completely  filled,  even  when  the  outer  shell  contains  s-electrons,  cor¬ 
respond  phosphates  which  are  characterized  by  low  activity  in  the  hydration  of  acetylene,  as  can  be  seen  with 
reference  to  the  phosphates  of  Iron  and  nickel  (Fe  —  3d®  4s*,  Nl  —  3d*  4s*).  d-Electrons  are  also  absent  from  the 
vicinity  of  the  outer  s-electrons  In  the  elements  Al,  Ca,  Sr,  Ba  (Al  —  3s* 3p,  Ca  —  3p*4s*,  Sr  — 4p*5s*,  Ba  — 
5p®6s*),  and  this  structure  likewise  coincides  well  with  the  absence  of  catalytic  activity  from  their  phosphates. 

It  Is  true  that  in  the  salts  we  are  not  dealing  with  atoms  of  Cu,  Cd  or  Zn,  but  with  Ions;  nevertheless  the  comple¬ 
tion  of  the  number  of  electrons  of  the  ^  subgroup  Is  evidently  the  decisive  factor. 
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On  the  other  hand,  subsequent  filling  of  the  outer  orbital  with  electrons  (appearance  of  p-electrons)  also 
leads  to  loss  of  activity,  as  is  observed  in  the  case  of  tin  phosphate  (Sn  —  4d^°5s*5p*). 

The  above-noted  feature  of  the  structure  of  the  outer  orbitals  of  the  electron  shell  characteristic  not  only 
of  Cu,  Cd  and  Zn,  but  also  of  Ag,  Au  and  Hg  (Ag  —  4d^*’5s,  Au  —  5d^*6s,  Hg  —  5d^®6s*).  There  are  no  other  elements 
of  similar  structure  in  the  periodic  system.  It  was  therefore  of  interest  to  compare  the  catalytic  action  in  acetylene 
hydration  of  phosphates  of  tliess  elements  with  the  action  of  phosphates  of  copper,  cadmium  and  zinc.  Since  the 
literature  contains  no  information  about  the  possibility  of  preparation  of  gold  phosphates,  we  studied  the  catalytic 
properties  of  only  mercury  and  silver  phosphates  (table,  Nos.  11-13). 

For  convenience  in  testing,  we  used  mercuric  phosphate  In  admixture  with  calcium  phosphate  which  served 
as  a  carrier.*  During  the  reaction  It  was  completely  reduced  to  metallic  mercury  which  condensed  In  the  cold 
part  of  the  reaction  tube. 

Silver  phosphate  was  tested  both  in  admixture  with  a  carrier  (calcium  phosphate)  and  In  its  absence.  It,  too, 
suffered  decomposition,  as  was  especially  conspicuous  in  experiments  In  which  silver  phosphate  was  used  alone 
(the  spent  catalyst  consisted  of  free  phosphoric  acid  and  metallic  silver).  It  should  be  pointed  out  that  decomposi¬ 
tion  of  silver  phosphate  was  avoided  by  starting  the  test  in  both  cases  at  low  temperature  (200“),  and  only  In  the 
event  of  complete  inertness  of  the  catalysts  was  the  temperature  gradually  raised  to  300".  The  reaction  only  com¬ 
menced  at  285"  when  silver  phosphate  was  used  without  acarrler  ;  substantially  no  conversion  of  acetylene  was 
observed  when  silver  phosphate  was  mixed  with  calcium  phosphate. 

The  lack  of  activity  of  mercuric  phosphate  can  be  easily  explained  by  the  reduction  to  mercury  which,  as 
we  know  from  the  liquid-phase  process,  does  not  catalyze  the  hydration  of  acetylene.  From  this  standpoint  the 
catalytic  effect  of  silver  phosphate  alone  (which  Is  likewise  reduced  to  metal)  is  anomalous.  This  anomaly,  how¬ 
ever,  is  only  an  apparent  one,  for  the  catalytic  effect  must  here  be  attributed  to  the  phosphoric  acid  which  is 
liberated  on  breakdown  of  the  phosphate.  Catalysts  were  found  to  be  inert  when  the  conditions  were  such  that  free 
phosphoric  acid  could  not  be  present.  This  would  apply  In  presence  of  a  carrier  (calcium  phosphate,  with  which 
phosphoric  acid  reacts  to  form  the  catalytically  Inert  pyrophosphate).  Decomposition  of  the  phosphate  evidently 
only  occurs  at  about  285",  for  otlierwise  the  commencement  of  reaction  would  have  been  observed  at  a  lower  tem¬ 
perature  since  phosphoric  acid  catalyzes  the  hydration  of  acetylene  even  at  130"  [6].  Silver  phosphate  Itself  is 
evidently  inactive  at  temperatures  below  285".  These  observations  show  that  silver  phosphate  is  scarcely  suitable 
as  a  solid  catalyst  for  the  hydration  of  acetylene. 

We  checked  the  lack  of  catalytic  activity  of  free  metals  in  acetylene  hydration  in  the  case  of  zinc  and  cad¬ 
mium.  Zinc  was  tested  at  390-400"  In  the  form  of  dust  pelleted  with  pulverized  pumice.  Whereas  zinc  phosphate 
Is  an  active  catalyst,  the  degree  of  conversion  of  acetylene  in  presence  of  zinc  under  the  same  conditions  was 
only  6.9%.  •*  Metallic  cadmium  was  tested  in  the  form  of  dust  at  a  lower  temperature  than  was  employed  with 
zinc  (the  melting  point  of  cadmium  Is  320.9")  and  was  likewise  Inactive.  The  inability  of  the  free  metals  to  cata¬ 
lyze  the  hydration  of  acetylene  indicates  that  the  reaction  of  the  solid  catalyst  with  acetylene  has  an  ionic  charac¬ 
ter.  In  view  of  the  suggested  possibility  of  formation  of  complexes  of  acetylene  with  copper  salts  in  solutions  [7], 
we  suggest  that  ions  of  copper,  cadmium  and  zinc  in  the  solid  catalyst  lattice  form  complexes  with  acetylene  at 
the  catalyst  surface  at  the  expense  of  the  tt -electrons  of  the  triple  bond. 

In  an  earlier  communication  p.2]  we  proposed  the  mechanism  of  hydration  of  acetylene  and  some  of  Its 
mono-  and  disubstituted  derivatives  which  is  based  on  the  results  and  concepts  obtained  and  developed  In  the  pre¬ 
sent  work.  Formation  of  complexes  necessary  for  activation  of  acetylene  hydration  evidently  proceeds  only  when 
the  electron  cloud  of  the  cations  of  the  catalyst  has  a  specific  structure,  and  this  structure  also  characterizes  the 
three  cations  in  question.  This  Is  equally  true  of  the  mercury  cation.  It  Is  true  that  mercuric  phosphate  cannot 
be  used  as  a  gas-phase  catalyst  due  to  its  great  susceptibility  to  reduction  to  metal  under  the  reaction  conditions, 
but  mercury  salts  are  generally  known  to  be  active  In  the  liquid-phase  process. 

In  this  connection  it  is  highly  probable  that  only  bivalent  cations  can  activate  the  hydration  of  acetylene. 
This  Is  not  so,  for  example,  in  the  case  of  its  polymerization.  This  view  Is  supported  by  the  well-known  fact  that 

•  Calcium  phosphate  has  been  employed  as  a  good  carrier  for  various  acetylene  hydration  catalysts  [11]. 

••  The  slight  activity  of  zinc  was  probably  due  to  formation  of  some  zinc  oxide  which  is  known  to  catalyze  the 
hydration  of  acetylene. 
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mercurous  salts  do  not  catalyze  this  reaction  in  the  liquid  phase.  One  of  us  [13]  has  drawn  attention  to  the  poor 
activity  of  solid  catalysts  containing  cuprous  salts.  It  may  be  thought  that  a  condition  for  formation  of  complexes 
capable  of  activating  the  hydration  of  acetylene  both  in  solutions  and  on  solid  catalysts  is  die  presence  of  a  charge 
of  specific  magnitude  on  the  cations  along  with  the  above-mentioned  structure  of  the  electron  cloud.  When  the 
charges  are  lower,  i.  e.,  in  the  case  of  univalent  cations,  the  required  degree  of  polarization  or  ionization  of  acetyl¬ 
ene  is  not  attained.  On  this  basis  the  silver  cation  cannot  activate  the  hydration  of  acetylene  even  if  we  Ignore 
the  facility  of  breakdown  of  silver  phosphate. 

If  the  ideas  that  we  have  put  forward  about  the  relation  between  a  specific  structure  of  the  electron  cloud 
of  cations  and  the  ability  of  the  salts  of  these  cations  to  activate  the  hydration  of  acetylene  are  correct,  then  it 
follows  that  the  number  of  suitable  catalysts  (salts)  is  Indeed  very  small.  Grave  doubt  must  therefore  be  cast  upon 
the  claims  in  patent  literature  for  the  suitability  as  catalysts  of  numerous  salts  with  other  cations. 

EX  PERIMENTAL 

Phosphate  catalysts  were  prepared  by  precipitation  from  solutions  of  the  corresponding  sulfates  or  nitrates  by 
the  action  of  solutions  of  dl-  or  tri substituted  ammonium  orthophosphate.  The  precipitates  were  filtered,  washed 
free  of  soluble  salts,  dried  at  lOO-llO”  and  compressed  to  tablets  in  a  laboratory  hydraulic  press.  The  tablets  were 
then  broken  into  2-3  mm  pieces.  Mixed  catalysts  (silver  phosphate  or  mercuric  phosphate  mixed  with  calcium 
phosphate)  were  prepared  by  mechanical  mixing  of  the  separately  precipitated  phosfiiates  which  had  been  pulverized 
and  sieved  through  a  0.15  mm-mesh  screen.  Mixing  was  effected  in  suspension  in  water.  The  mixture  was  then 
filtered,  dried  and  tableted.  The  catalyst  consisting  of  zinc  dust  and  pumice  was  prepared  by  mixing  the  powders 
in  the  dry  state  and  then  tableting.  The  cylinder  acetylene  employed  in  the  tests  was  purified  by  washing  with 
sodium  hypochlorite  solution.  After  purification,  the  gas  contained  98%  acetylene  (determination  by  absorption 
in  oleum). 

Acetylene  was  hydrated  in  a  quartz  tube,  diameter  25  mm  and  length  1  m,  heated  in  an  electric  furnace. 

The  amount  of  catalyst  was  50  ml;  the  remaining  space  in  the  reaction  tube  was  filled  with  pieces  of  quartz. 
Acetylene  was  admitted  into  the  furnace  from  a  gas-holder  via  a  flowmeter,  and  water  from  a  small  buret.  Reac¬ 
tion  temperatures  were  measured  with  a  thermocouple  whose  junction  was  in  the  center  of  the  catalyst  bed.  The 
reaction  products  passed  through  a  water  condenser  and  were  collected  in  a  receiver  cooled  with  ice.  The  gas, 
consisting  mainly  of  unreacted  acetylene,  was  washed  free  of  aldehyde  vapor  in  absorption  bulbs  containing  hydroxyl- 
amine  and  collected  in  a  gas-holder.  The  temperature  of  the  experiments  was  usually  390-400”,  the  space  velocity 
150  liters/liter  cai./lir,  die  dilution  (by  volume)  of  the  acetylene  with  water  vapor  1 : 10.  Duration  of  the  experi¬ 
ments  3-5  hrs.  Aldehyde  and  aqueous-acetylenic  condensate  were  determined  with  hydroxylamlne  hydrochloride. 
Unreacted  acetylene  in  the  gaseous  reaction  products  was  determined  by  absorption  in  oleum. 

SUMMARY 

1.  Several  salts  of  phosphoric  acid  with  various  cations,  as  well  as  metallic  zinc  and  cadmium,  were  exa¬ 
mined  as  catalysts  for  the  gas-phase  hydration  of  acetylene  to  acetaldehyde. 

2.  It  was  shown  that  the  action  of  solid  catalysts  of  acetylene  hydration  bears  an  ionic  character. 

3.  It  was  shown  that  the  phosphate  cations  (Cu,  Cd,  Zn,  Hg)  which  catalyze  the  hydration  of  acetylene  are 
characterized  by  a  specific  structure  of  the  electron  cloud.  Deviation  from  this  structure  Involves  loss  of  catalytic 
activity  in  this  reaction. 

4.  The  theory  is  advanced  that  activation  of  the  hydration  of  acetylene  is  achieved  only  by  bivalent  cations. 
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INVESTIGATIONS  ON  POLYMETHYLENE  RINGS 

XXXII.  TRANSFORMATIONS  OF  CYCLOHEXENE  IN  CONJUGATED  HALOGENATIONS 

AND  DEHALOGENATIONS 

N.  A.  Domnin  and  V.  A.  Cherkasova 


We  have  shown  In  a  series  of  Investlgarions  that  1,3-cyclohexadlenes  and  their  substituted  derivatives,  like¬ 
wise  polyhalo  derivatives  of  cyclohexane,  are  converted  to  the  corresponding  aiomadc  compounds  under  conditions 
of  conjugated  halogenation  and  dehalogenatlon  [1].  Characteristic  of  these  conversions  is  their  Irreversibility  with 
formation  of  stable  aromatic  end  products.  These  transformations  are  therefore  analogous  with  Zellnskil's  "Irre¬ 
versible  catalysis. " 

Another  characteristic  feature  of  these  transformations  is  the  necessary  presence  of  a  source  of  bromine, 
which  can  be  molecular  bromine  Itself  or  a  quollne  polybromide,  tetrabromo-  and  hexabromoethanes  and  other 
compounds  rich  in  bromine  and  releasing  it  with  facility. 

We  advanced  a  mechanism  of  conjugated  halogenation  and  dehalogenatlon  based  on  Investigation  of  these 
reactions.  Two  variants  were  suggested:  transformations  with  a  relatively  simple  mechanism  Involving  addition 
and  scission  of  halogens  or  hydrogen  halides,  and  transformations  accompanied  by  Intramolecular  Isomerlzatlons. 
The  first  variant  may  be  represented  by  the  simplest  conversion  of  1,3-cyclohexadlene  Into  benzene  and  bromo- 
benzene  In  presence  of  polybromides  of  quinoline  or  of  hexabromomethane  and  quinoline. 


CH 

CHBr 

CH 

HsCj 

'^CH 

-ZHBr_ 

HCj^^CH 

HjC* 

S^CH 

sJcH 

HC^JcH 

CH 

CHBr 

CH 

CH 

CHBr 

CH 

^CH 

'^CHBr 

HCrf^^CBr 

\^CH 

syCHBr 

HC^JcH 

CH 

CHBr 

CH 

Another  example  Is  the  conversion  of  1,2-dlbromo-l-cyclohexene  Into  o-bromobenzene  under  the  action  of  mole¬ 
cular  bromine. 

CH^  CHj  CH  CHBr  CH 

H,C|/^CBr  HjCj^CBrj  -zhB:-^  H^C|^CBr  H,C|^CBr  -zhbt^  HCj^^^CBr 

HjckJ^CBr  ‘Hjcl^CBrj  Hjcl^CBi- ~  HjC\JcBr  HcIv^CBr 

CHj,  CHj  CH  CHBr  CH 

The  second  variant  can  be  Illustrated  by  the  transformation  of  1,2-dlbromo-l-cyclohexene  Into  bromobenzene 
under  the  action  of  bromine. 
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Another  example  Is  the  transformation  of  l-chloro-l,2-dlbromocyclohexane  into  benzene  under  the  action  of 
quinoline. 


HiCj 

“^CCl 

CH, 

CH 

H,C| 

^CClBr 

H,C^ 

V^CHBr 

CH, 

CH, 

\  H,C| 

^|CCl 

^TBr 

The  mechanism  of  the  first  type  of  conversion  can  be  considered  proven,  but  that  of  the  second  type  has 
remained  unproven,  since  the  migration  of  hydrogen  atoms  to  the  6 -position  has  hitherto  not  been  demonstrated. 
We  can  therefore  advance  another  mechanism  for  the  second  type  of  conversion  which  Involves  cleavage  and  sub¬ 
sequent  addition  of  hydrogen  halide  according  to  the  scheme; 
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or  a  subsequent  allyllc  rearrangement; 


The  above  mechanisms  of  conjugated  halogenation  and  dehalogenation  take  account  of  all  of  the  known 
facts  in  this  field.  It  must  be  remembered  that  there  Is  a  possibility  of  these  reactions  proceeding  simultaneously 
in  accordance  with  all  of  the  suggested  schemes.  In  connection  with  the  further  study  of  the  mechanism  of  these 
reactions,  it  was  of  interest  to  investigate  the  transformations  of  cyclohexene  under  the  conditions  of  conjugated 
halogenation  and  dehalogenation. 

In  the  light  of  the  foregoing  considerations  the  reaction  of  cyclohexene  with  quinoline  polybromides  or  of 
hexabromoethane  and  quinoline  should  proceed  according  to  the  scheme  set  forth  below.  Of  all  of  the  possible 
main  products  of  these  reactions,  the  only  ones  that  are  stable  and  permanent  are  benzene  or  its  halogenated  deriva¬ 
tives.  All  of  the  remainder  —  1-bromo-l-cyclohexene,  1,2,2-tribtomocyclohexene,  1,2-dlbromo-l-cyclohexene, 
and  2-bromo-l,3-cyclohexadlene  —  will  be  intermediates  and  are  most  probably  converted  into  bromobenzene 
and  o-dlbromobenzene  or  into  benzene.  Experiment  confirmed  this  supposition.  Benzene  Is  formed  when  cyclo¬ 
hexene  reacts  with  quinoline  tetrabromlde  or  with  hexabromoethane  In  presence  of  quinoline. 
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CHBr  CH 


CH 

^CBr 


CH 


EXPERIMENTAL 

Reaction  of  cyclohexene  with  quinoline  dlbromtde.  Cyclohexene  was  prepared  [2]  by  the  action  of  sulfuric 
acid  on  cyclohexane.  After  careful  fractionation,  a  fraction  with  b.  p.  83-83.5“  was  selected.  Quinoline  dlbro- 
mlde  was  prepared  from  quinoline  supplied  by  the  Kharkov  Chemical  Reagent  Works,  serial  number  50/28. 

40  g  quinoline  dibromide  was  added  through  a  reflux  condenser  to  8  g  cyclohexene  in  a  round-bottomed 
flask.  The  contents  of  the  flask  formed  layers.  The  top  layer  was  collected  (20  g).  It  was  the  hydrate  water  of 
quinoline  dibromide  remaining  after  reaction  of  the  dibromide  with  cyclohexene.  A  further  small  quantity  of 
oil  came  down  when  water  was  added  to  the  top  layer.  The  oil  was  added  to  the  main  product  (the  lower  layer). 

The  latter  was  a  brown,  heavy  oil  (28  g),  consisting  of  1,2-dibrornocyclohexane  in  quinoline.  The  oil  was  washed 
with  water,  dried  with  calcined  potassium  carbonate,  and  then  heated  in  a  round -bottomed  flask  to  which  a  reflux 
condenser  was  attached.  A  violent  reaction  ensued  at  170“  (temperature  in  the  flask);  subsequently  the  contents 
of  the  flask  formed  two  layers,  though  not  sharply  demarcated.  Hydrogen  bromide  was  copiously  evolved  from 
the  reaction  mixture.  After  completion  of  the  violent  reaction,  the  heating  was  continued  and  a  fraction  with 
b.  p.  74-150“  was  collected  (19.4  g).  The  lighter  fraction  was  distilled  off  (prior  to  this  the  contents  of  the  flask 
copiously  evolved  HBr);  the  distillate  coming  over  at  74-75“  was  a  highly  refractive  liquid.  The  amount  collec¬ 
ted  up  to  110“  was  3.7  g.  The  fraction  formed  layers  on  standing.  The  lower  layer  reacted  with  calcined  potassium 
carbonate  with  heat  evolution  and  release  of  gas.  After  careful  drying,  distillation  gave  a  fraction  of  3.7  g  (48.5<7o) 
with  b.  p.  80.5-81.5“:  it  crystallized  at  —10";  d4^^*^  0.8762,  n^^*^D  1.4978;  Mcllhinney  bromine  number  [3]  7.72. 
Judging  by  the  bromine  number,  the  benzene  content  was  96%.  The  ultraviolet  absorption  spectrum  of  the  alco¬ 
holic  solution  of  this  fraction  was  plotted.  The  character  and  position  of  the  maxima  are  identical  with  those  of 
benzene.  We  were  more  interested,  however,  in  the  spectrum  of  the  product  containing  less  benzene;  we  there¬ 
fore  show  two  curves  for  this  material,  plotted  with  the  help  of  the  SF-11  spectrophotometer.  These  relate  to  the 
product  of  interaction  of  10.2  cyclohexane  with  43  g  quinoline  dibromide,  obtained  in  the  final  3  g  of  78.5-81“ 
fraction,  n®*^  1.4711,  d4^*®  0.8416.  Curve  1  relates  to  a  0.1%  alcoholic  solution  of  this  product  (curve  2  corre¬ 
sponds  to  the  product  of  reaction  of  cyclohexene  with  quinoline  tetrabromide). 

Reaction  of  cyclohexene  with  quinoline  tetrabromide.  Quinoline  tetrabromide  was  prepared  by  Grimaux  "is 
method  [4]  (slightly  modified)  —  12  ml  bromine  was  added  to  a  cooled  emulsion  of  15.2  g  quinoline  in  45  ml  water. 
It  was  used  without  recrystallization. 

20  g  quinoline  tetrabromide  was  added  portionwise  through  a  reflux  condenser  to  10  g  freshly  distilled  cyclo¬ 
hexene.  Layer  formation  took  place:  the  upper  layer  was  nearly  colorless  and  the  lower  layer  dark.  A  further 
14.3  g  tetrabromide  was  added;  nearly  the  whole  of  this  dissolved.  The  layers  were  separated.  The  upper  (aqueous) 
layer  weighed  9.3  g.  When  mixed  with  water  it  deposited  a  further  small  quantity  of  yellow  oil.  The  lower  layer 
(31.2  g)  was  transferred  to  a  Wurtz  flask  and  cautiously  heated.  Reaction  commenced  at  170“  (temperature  in  the 
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liquid).  At  142“  a  fairly  light-colored  fraction  started  to  come  over 
together  with  much  hydrogen  bromide.  At  184*  the  heating  was  stopped. 
The  distilled  products  weighed  17.6  g.  The  distillate  was  washed  wltli 
dilute  sulfuric  acid  which  caused  the  lower  (colored)  layer  to  disap¬ 
pear;  It  was  then  washed  with  water  and  dried  with  calcium  chloride 
and  calcined  potassium  carbonate.  From  the  products  collected  at 
80.5-160"  (10.2  g)  was  distilled  a  fraction  with  b.  p.  80.2-82";  this 
was  a  strongly  refracting  liquid  which  crystallized  at  —5*  (5.8  g  or 
61%  on  the  cyclohexene  taken  into  reaction).  Bromine  number 
(Mcllhlnney)  1.6.  The  benzene  content  on  the  basis  of  the  bromine 
number  was  99.2%,  n^*^D  1.5016,  d4^*^  0.8795.  The  ultraviolet  ab¬ 
sorption  spectrum  of  the  alcoholic  solution  of  this  fraction  was  Iden¬ 
tical  with  the  spectrum  of  benzene.  As  In  the  case  of  Interaction  of 
cyclohexene  with  quinoline  bromide,  we  show  the  curve  not  of  this 
product  (high  benzene  content,  crystallizing  on  cooling)  but  of  the 
product  obtained  (with  a  lower  benzene  content)  In  one  of  the  experi¬ 
ments.  Reaction  of  10  g  cyclohexene  with  20  g  quinoline  tetrabro- 
mlde  gave  6.3  g  of  hydrocarbon  fraction  boiling  at  78.5-82",  n*®’®D 
1.4688.  The  ultraviolet  absorption  spectrum,  taken  with  the  ISP-22 
spectrograph.  Indicated  the  presence  of  benzene  (4  benzene  maxima 
are  visible  on  the  spectrogram).  From  the  78.5-81*  fraction  was  di¬ 
stilled  a  portion  with  b.  p.  80.5-82",  n*^D  1.4667,  d4*^  0.8377;  the 
absorption  curve  of  the  0.1%  alcoholic  solution,  taken  with  the  SF-11  spectrophotometer.  Is  given  In  the  diagram 
(curve  2). 

Vacuum  distillation  of  the  heavy  oil  (residue  from  the  fraction  crystallizing  on  cooling  with  b.  p.  80.5-82* 
and  n^®*^D  1.5016)  gave  a  fraction  with  b.  p.  97-98"  at  10  mm  (7.8  g),  n^®*'*D  1.5520,  M  231.  Calculated  for  1,2- 
dlbromocyclohexane:  M  242;  for  bromocyclohexene:  M  159. 

Interaction  of  cyclohexene  with  hexabromoethane  and  quinoline.  13  g  freshly  distilled  quinoline  was  added 
to  50.3  g  hexabromoethane  (obtained  by  Gustavson's  method  [5])  in  a  flask  with  a  reflux  condenser  topped  by  a 
calcium  chloride  tube.  8.2  g  cyclohexene  was  run  Into  the  resulting  viscous  mass  through  a  dropping  funnel  (strong 
cooling  was  observed  during  this  operation).  TTie  contents  of  the  flask  were  heated  on  an  oil  bath  at  150-155"  for 
I  3.5  hrs.  The  reflux  condenser  was  replaced  by  an  Anschutz  fitting,  and  a  wide  fraction  In  the  80-220*  range  was 

•  distilled  off  (30.7  g).  Considerable  evolution  of  hydrogen  bromide  occurred  at  the  same  time.  Most  of  the  distil¬ 

late  came  over  at  80-120".  The  mass  was  washed  with  dilute  sulfuric  acid  (the  quantity  of  oily  product  was  re¬ 
duced  by  this  treatment  to  24  g),  then  with  water,  and  dried.  Subsequent  distillation  gave  11.5  g  of  slightly  cloudy 
liquid  in  the  78-158*  range.  Fractionation  at  atmospheric  pressure  from  a  Favorskll  flask  gave  a  fraction  with  b.  p. 
78-83*  (4.5  g  or  57.5%  on  the  cyclohexene  taken  Into  reaction).  A  small  quantity  of  bromine  remained  In  the 
fraction  (Bellsteln  test)  In  spite  of  careful  purification.  Our  determinations  of  the  constants  —  d4^'*  1.0253  and 
n“**D  1.4977  —  also  indicated  the  presence  of  a  bromide;  the  bromine  number  of  7. 28 (Mcllhlnney) corresponded 
to  a  benzene  content  of  about  97%.  The  product  did  not  crystallize  when  cooled  to  —5".  The  ultraviolet  absorp¬ 
tion  spectrurri  of  the  alcoholic  solution  was  taken  with  the  ISP-22  spectrograph.  The  position  and  character  of  the 
five  maxima  on  the  spectrogram  coincided  with  those  of  benzene. 

SUMMARY 

1.  Cyclohexene,  the  more  saturated  Isolog  of  1, 3-cyclohex adlene,  is  capable  like  the  latter  of  transforma¬ 
tion  into  an  aromatic  system  under  the  conditions  of  the  reaction  of  conjugated  halogenatlon  and  dehalogenatlon. 

2.  Heating  of  cyclohexene  with  quinoline  polybromides  (either  the  dlbromlde  or  the  tetrabromlde)  as  well 
as  with  hexabromoethane  In  presence  of  quinoline  causes  a  considerable  proportion  to  be  converted  to  benzene 
(46.57,60.51  and  55.78%,  respectively). 


D 


Ultraviolet  absorption  curves  (see  text  for 
explanation). 
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INVESTIGATION  OF  THE  EXCHANGE  OF  OXY  RADICALS  FOR  THE 


HYDROCARBON  RADICALS  OF  ORG  A  NOM  A  G  N  ESI  UM  COMPOUNDS 
IV.  INTERACTION  OF  GRIGNARD  REAGENTS  WITH  ORGANIC  ACYLALS 

M.  F.  Shostakovskll  and  M.  R.  Kullbekov 
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In  our  preceding  communications  [1]  we  studied  the  exchange  of  oxy  radicals  of  organic  and  organoslllcon 
acetals  for  radicals  of  organomagnesium  compounds.  It  was  established  that  heavier  oxy  radicals  are  more  readily 
replaced.  In  the  case  of  organoslllcon  acetals  the  oxy  radical  that  Is  usually  replaced  Is  one  containing  a  silicon 
atom. 

The  present  Investigation  was  devoted  to  the  Interaction  of  a  Grlgnard  reagent  with  organic  acylals.  We 
know  from  the  literature  [2]  that  acylals  are  not  susceptible  to  the  symmetrlzatlon  reaction,  although  they  readily 
exchange  their  acyl  group  for  an  alkoxy  radical.  It  was  of  Interest  to  study  the  behavior  of  acylals  In  reactions 
with  organomagnesium  compounds.  In  the  case  of  reaction  of  a  series  of  organomagnesium  compounds  wlthbutoxy- 
ethylidene  acetate,  we  showed  that  the  Grlgnard  reagent  Initially  reacts  with  the  carbonyl  group  of  the  acylals  to 
form  a  mixed  acetal  of  a  tertiary  alcohol,  which  In  turn  again  reacts  with  the  organomagnesium  compound  and 
exchanges  the  residue  of  the  tertiary  alcohol  for  an  organic  radical  according  to  the  scheme 


/OC^lig 

CHgCIK;  ■  +2RMgX 
\OCOCH3 


CH3CH/ 


+RMgX 

\0C(C4ll9)2 

I 

CHo 


G113GII/ 


OG4H0 


where  R  =  H,  C4H5, CsHsCHj,  CgHs;  X  =  Cl  or  Br. 

In  addition  we  established  that  a  certain  proportion  of  the  acetal  undergoes  symmetrlzatlon  during  the  pro¬ 
cess  with  formation  of  two  acetals: 

/OG4lln 

2GH3GH<  ■  — Gll3GM(OG4Ho)2-|-GH3GH 

\oG(G4H„)2 

I 

GII3 

The  transition  from  acylals  to  mixed  acetals  of  tertiary  alcohols  and  tlie  symmetrlzatlon  of  the  latter  have 
not  been  discussed  In  the  literature.  These  reactions  can  evidently  serve  for  the  synthesis  of  mixed  acetals  with 
primary  and  tertiary  radicals. 

The  butyl  ether  of  methylbenzylcarblnol  synthesized  by  us  has  a  delicate  floral  odor  whose  aromaticity  Is 
not  Inferior  to  that  of  6-phenylethyl  alcohol. 


0-G(G4  119)2 - 
CH3  J2, 


EXPERIMENTAL 

1.  Reaction  of  ethylldene  acetate  with  butyl  magnesium  bromide.  To  the  Grlgnard  reagent  prepared  from 
4  g  magnesium  and  23  g  butyl  bromide  was  added  15  g  butoxyethylidene  acetate  at  room  temperature  with  stirring. 
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The  mixture  was  then  heated  for  2  hrs  at  35-36*  and  treated  (with  cooling)  with  5%  acetic  acid.  The  ethereal 
layer  was  collected,  washed  with  5<7o  sodium  carbonate  solution  and  then  with  water,  and  dried  over  sodium  sul¬ 
fate.  The  ether  was  taken  off  and  the  residue  fractionated  to  give  the  following  products: 

4.07  g  butyl  ether  of  methylbutylcarblnol  with  b.  p.  53-54*  at  4  mm,  n^’o  1.4100,  d^®  0.7884,  MRj)  49.88, 
calc.  50.02. 

1.61  g  dlbutylacetal  [3]  and  2.88  g  mixed  acetal  of  butyl  alcohol  and  methyldlbutylcarblnol  with  b.  p.  79- 
80*  at  6  mm,  n*®D  1.4156,  d4®  0.8200,  MRq  78.89;  calc.  79.39.  Found  <7o:  0  74.27,  74.07;  H  13.66,  13.65. 

C16H34O2.  Calculated  C  74.42;  H  13.18. 

Also  Isolated  were  1.56  g  methyldlbutylcarblnol  [4]  with  b.  p.  86-87"  at  5  mm,  n*®D  1.4330,  64®  0.8305;  and 
2.02  g  symmetrical  acetal  of  methyldlbutylcarblnol  with  b.  p.  93-95"  at  5  mm,  n®D  1.4239,  d4®  0.8132,  MRp 
107.30,  calc.  107.08.  Found  C  76.81,  77.02;  H  14.05,  13.95.  C22H46O2.  Calculated  %:  C  77.19;  H  13.46. 

The  symmetrical  acetal  of  methyldlbutylcarblnol  Is  a  transparent  liquid  with  a  pleasant  odor.  Insoluble  In 
water,  easily  soluble  In  organic  solvents. 

2.  Reaction  of  butoxyethylldene  acetate  with  benzyl  magnesium  chloride.  The  procedure  followed  the  same 
lines  as  that  In  the  preceding  reaction.  Starting  components  were  6  g  magnesium,  31.6  g  benzyl  chloride  and  15  g 
butoxyethylldene  acetate.  The  following  were  obtained: 

5.7  g  butyl  ether  of  methylbenzylcarblnol  (a  liquid  with  a  pleasant  floral  odor)  with  b.  p.  89-89.2"  at  22 
mm,  n®D  1.4873,  d4‘"  0.9109,  MRp  60.71;  calc.  60.28.  Found  %:  C  81.74,  81.64;  H  10.20,  10.10.  CigHjoO. 

Calculated  C  81.26;  H  10.40. 

5.75  g  methyldlbenzylcarblnol  with  b.  p.  153-156*  at  2.5  mm,  n*®D  1.5578,  d4®  1.0381,  MRq  70.27;  calc.  |  j 

70.41.  Found  %:  C  84.35,  84.56;  H  8.25,  8.36.  CjeHigO.  Calculated  %:  C  84.83;  H  7.97. 

3.  Reaction  of  butoxyethylldene  acetate  with  phenyl  magnesium  bromide.  12.5  g  butoxyethylldene  acetate 

was  added  to  phenyl  magnesium  bromide  prepared  from  4  g  magnesium  and  26  g  bromobenzene.  This  synthesis  1 » 

gave: 

4.54  g  methylphenylcarblnol  [5]  with  b.  p.  118-119.5*  at  9  mm,  n®D  1.4838,  d4®  0.9101;  and  2.59  g  ^  ^ 

1,1-dlphenylethylene  with  b.  p.  127-128*  at  9  mm,  n®D  1.5968,  d4®  1.0326.  The  constants  agree  entirely  with 
those  reported  In  the  literature  [6].  '  ' 

SUMMARY 

1.  The  reaction  of  butoxyethylldene  acetate  with  Grlgnard  reagent  was  Investigated.  It  was  shown  that 
reaction  occurs  at  the  carbonyl  acyl  group  wltli  formation  of  the  corresponding  mixed  acetals.  The  mixed  acetals 
In  turn  enter  Into  exchange  reaction  with  the  Grlgnard  reagent  to  form  the  corresponding  butyl  ethers. 

2.  The  mixed  acetal  of  butyl  alcohol  and  methyldlbutylcarblnol  Is  susceptible  to  symmetrlzatlon. 

3.  Methyldlphenylcarblnol,  formed  during  the  exchange  reaction  of  the  corresponding  mixed  acetal,  easily 
undergoes  dehydration  under  the  reaction  conditions  and  forms  1,1-dlphenylethylene. 

4.  The  following  were  synthesized  for  the  first  time:  mixed  acetal  of  butyl  alcohol  and  methyldlbutyl¬ 
carblnol,  dltertlary  acetal  of  metliyldlbutylcarblnol,  methyldlbenzylcarblnol,  and  the  butyl  ether  of  methylben¬ 
zylcarblnol. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  a  -  SUB  ST  IT  UT  ED  VINYL  ETHERS 


VII.  SYNTHESIS  AND  TRANSFORMATIONS  OF  a-CHLOROISOPROPYL  ARYL  ETHERS 
M.  F.  Shostakovskil ,  E.  P.  Gracheva,  and  N.  K.  Kul’bovskala 


In  the  present  work  we  studied  the  synthesis  of  a-chlorolsopropyl  aryl  ethers  prepared  by  hydrochlorlnatlon 
of  a-methylvlnyl  aryl  and  a-methylvlnyl  cyclohexyl  ethers.  Their  properties  were  also  studied.  The  following  were 
prepared  for  the  first  time;  a-chlorolsopropyl  phenyl,  and  the  corresponding  m-cresyl,  gualacyl  and  cyclohexyl 
ethers  by  the  reaction 


(:i|.,=(:— OAr  L  IICI  — ^  (Cll.jV.CCI— (»Ar 

-  I 

Cll, 

According  to  the  literature  [1],  the  a-chlorolsopropyl  alkyl  ethers  are  extremely  unstable  and  quickly  break 
down  to  alkyl  chloride  and  acetone.  The  a-chloroethers  CHj — CHCl— OAr,  described  by  oneofus  [2],  are  more 
stable  than  a-chlorolsopropyl  aryl  ethers.  The  latter  break  down  when  distilled;  they  blacken  when  stored  for 
2-3  hrs;  they  can  be  kept  longer  In  solution  In  diethyl  ether.  a-Chloro  Iso  propyl  aryl  ethers  can  be  arranged  In 
the  following  order  of  stability:  a-chlorolsopropyl  phenyl  >  m-cresyl  >  gualacyl  >  cyclohexyl. 

Due  to  their  Instability  on  distillation,  the  prepared  a-chlorolsopropyl  aryl  ethers  were  characterized  by 
various  chemical  reactions.  Hydrogen  halide  and  acetone  were  determined  nearly  quantitatively  after  hydrolysis. 
With  excess  of  alcoholic  alkali  the  expected  alkyl  phenyl  ketal  gives  breakdown  products  —  a-methylvlnyl  alkyl 
ether  and  phenol.  Potassium  phenoxlde  reacts  to  give  diphenyl  ketal  In  low  yield. 

a-chlorolsopropyl  aryl  ethers  are  of  Interest  as  starting  substances  for  preparation  of  the  little  studied  tert- 
alkyl  aryl  ethers. 


(Cll3),C— OAr -I-  IlMgllal  — ♦  (013)20— OAr  +  MgCllIal 

'“I.  'I 

Cl  H 

A  few  members  of  this  series  of  ethers  have  been  described  In  the  literature  [3].  We  prepared  tert- butyl  phenyl, 
tert-amyl  phenyl,  1,1-dlmethylbutyl  phenyl,  tert— amyl  m-cresyl  ethers.  They  are  colorless  liquids  with  a  plea¬ 
sant  odor;  when  boiled  they  rearrange  to  the  corresponding  tert -alkyl  phenols  [4]. 

EXPERIMENTAL 

The  starting  a-methyl-substituted  vinyl  ethers  were  prepared  by  the  method  previously  described  [5]. 

Synthesis  of  g-chlorolsopropyl  phenyl  ether.  35  g  a-methylvlnyl  phenyl  ether  (b.  p.  61-69’  at  16  mm, 
n^°D  1.5048)  was  put  Into  a  three-necked  flask  fitted  with  thermometer,  stirrer  and  reflux  condenser  (the  latter 
topped  by  a  calcium  chloride  tube).  A  stream  of  dry  hydrogen  chloride  was  Introduced  with  stirring  and  cooling 
to  —20",  the  speed  being  so  regulated  that  the  temperature  did  not  rise  above  —10".  The  reaction  was  continued 
to  full  saturation  In  the  couse  of  3  hrs.  The  solution  then  had  a  brown  color.  (Reaction  In  diethyl  ether  gives  a 
product  with  a  lighter  color.)  Without  the  temperature  being  raised  above  0",  the  excess  of  hydrogen  chloride  was 
purged  out  with  a  stream  of  dry  nitrogen;  the  Increase  In  weight  was  10.6  g  (Instead  of  10.7).  The  a-chloroether 
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was  used  in  various  reactions  in  the  undistilled  form.  In  similar 
fashion  we  prepared  ot-chloroisopropyl  m-cresyl,  a-chloroisopropyl 
guaiacyl  and  a -ch  loro  iso  propyl  cyclohexyl  ethers. 

Hydrolysis  of  a- ch  loro  Iso  propyl  phenyl  ether.  An  ampoule 
containing  a  weighed  sample  of  the  ether  (0.5-0. 7  g)  was  placed 
In  an  Erlenmeyer  flask  with  a  ground  glass  stopper,  containing  50 
ml  distilled  water.  The  ampoule  was  crushed,  and  the  solution  was 
mixed  for  about  an  hour  on  a  shaker.  The  resulting  acid  was  titrated 
with  0.1  N  caustic  alkali  in  presence  of  methyl  orange  [2].  Found: 
97.6-98.1%  of  titrated  hydrochloric  acid.  After  the  titration  of  the 
acid,  70  ml  of  0.5  N  hydroxylamine  hydrochloride  solution  was  added 
and  the  acetone  content  was  determined.  Found  In  the  hydrolyzate: 
98.5,  98.8%  acetone.  Similar  hydrolyses  were  performed  on  a- 
chloroisopropyl  m-cresyl,  guaiacyl  and  cyclohexyl  ethers.  Found: 
98-99%  of  tltratable  hydrochloric  acid  and  98.5-99%  acetone. 

Reaction  of  a-chloroisopropyl  phenyl  ether  with  butanol.  A 
solution  of  sodium  alkoxlde,  prepared  by  reacting  2.93  g  Na  with 
14.82  g  anhydrous  butyl  alcohol,  was  charged  into  a  three-necked 
flask  fitted  with  stirrer,  thermometer,  condenser  and  dropping  fun¬ 
nel.  Dropwlse  addition  was  made  (with  cooling  to  —3  to  —5")  of 
8.3  g  a-chloroisopropyl  phenyl  ether.  The  precipitate  of  sodium 
chloride  (2.7  g)  was  filtered  off  and  the  filtrate  was  distilled  to  give 
3.9  g  phenol  and  0.5  g  a-methylvlnyl  butyl  ether;  b.  p.  113“,  n*®D 
1.4118  [6]. 

Reaction  of  g-chlorolsopropyl  phenyl  ether  with  ethyl  mag¬ 
nesium  bromide.  Dropwlse  addition  of  36  g  a-chlorolsopropyl 
phenyl  edier  was  made  to  an  equimolar  quantity  of  ethyl  magnesium 
bromide  prepared  from  22.9  g  C2H5Br  and  5.1  g  Mg  In  a  flask  equipped 
with  condenser,  stirrer  and  thermometer.  The  solution  was  stirred 
2  hrs  and  left  overnight.  The  mixture  was  decomposed  with  10% 
H2SO4  in  ether.  The  ethereal  layer  was  collected,  washed  with  water 
and  caustic  alkali  for  removal  of  phenolic  products,  dried  with  potas¬ 
sium  carbonate,  and  distilled  In  vacuo.  There  was  obtained  14.2  g 
of  a  fraction  with  b.  p.  98-103“  (28  mm),  which  after  redlstlllation 
had  b.  p.  104-105*  (28  mm);  it  was  tett- amyl  f^enyl  ether;  yield 
40%. 

The  physicochemical  constants  of  tert-butyl  phenyl,  tert- 
amyl  phenyl,  1,1-dlmethylbutyl  phenyl  and  tert-amyl  m-cresyl 
ethers,  prepared  by  the  above  procedure,  are  listed  In  the  table. 


SUMMARY 

1.  a-Chlorolsopropyl  phenyl,  a-chlorolsopropyl  m-cresyl, 
a-'chlorolsopropyl  guaiacyl  and  a-chlorolsopropyl  cyclohexyl  ethers 
were  prepared.  Their  structure  was  verified  by  hydrolysis  and  by 
reactions  with  alcohols,  phenols  and  Grignard  reagent. 

2.  It  was  shown  that  these  ethers  ate  less  stable  than  the  corre¬ 
sponding  a-chloroethyl  ethers. 

3.  Tert-butyl  phenyl,  tert-amyl  phenyl,  tert-amyl  m-cresyl 
and  1,1-dlmethylbutyl  phenyl  ethers  (not  described  In  the  literature) 
were  synthesized  and  characterized. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  a  -  SUB  STI  T  UT  ED  VINYL  ETHERS 
VIII.  SOME  PROPERTIES  OF  a-METHYLVINYL  ARYL  AND  a-METHYLVINYLCYCLOHEXYL  ETHERS 

M.  F.  Sho  stake  V  skli ,  E.  P.  Gracheva,  and  N.  K.  Kul'bovskala 


In  the  present  work  we  describe  the  conditions  for  addition  of  alcohols  and  phenols  to  a-methylvinyl  aryl 
ethers  [1]  with  the  objective  of  preparing  alkyl  aryl  and  diaryl  ketals  (I)  and  (II);  we  also  consider  the  polymerlza 
tion  of  a-methyl vinyl  aryl  ethers  by  an  ionic  mechanism. 


CH,=(;— OAr 

I 

CIJ.T 


KOil 

ArOH 


N 


(CH3)2C<^ 


,UAr 

-OR 

(I) 

OAr 

OAr 

(11) 

The  synthesis  of  ketals  (I,  II)  is  not  mentioned  in  the  literature.  Methods  of  preparation  of  the  correspond¬ 
ing  acetals  are  known  [2,  3],  and  their  properties  have  been  studied.  In  particular  their  susceptibility  to  dispro¬ 
portionation  and  to  ready  cleavage  of  phenol  has  been  demonstrated.  It  is  interesting  to  note  that  ketals  are  very 
much  more  prone  to  disproportionate  and  to  split  off  alcohols  [4,  5].  This  characteristic  enables  us  to  obtain  a- 
substituted  vinyl  ethers  starting  from  2,2-dimethoxyalkanes  [4].  Under  similar  conditions  ethylldene  acetals 
RCH(0CH3)2  do  not  give  the  corresponding  unsaturated  ethers. 

We  attempted  to  realize  the  synthesis  of  alkyl  aryl  ketals  in  presence  of  an  inorganic  acid  (HCl)  by  reacting 
a-methylvinyl  aryl  ethors  with  alcohols.  The  resulting  ketal  (I)  decomposed,  however,  into  phenol  and  a-methyl 
vinyl  alkyl  ether  (III);  the  latter  reacts  with  the  alcohol  to  give  a  dialkyl  ketal  (IV)  if  excess  of  alcohol  is  used 
in  the  reaction. 


✓O II  R,OTT 

(CM3)2C<  ArOM  +CH2-=C— OR  — (GIl3)2C(OR)2 

^OAr  I 

Gil, 

(I)  (III)  (IV) 

Alkyl  aryl  acetals  likewise  tend  to  split  off  phenols  [3]  when  heated,  but  they  can  be  isolated  in  the  pure 
form.  The  tendency  of  alkyl  aryl  ketals  to  split  off  phenols  is  so  great  that  mixed  ketals  cannot  be  prepared.  The 
behavior  of  butyl  cyclohexyl  ketals  illustrates  the  instability  of  mixed  ketals. 

Addition  of  phenols  to  a-methylvinyl  aryl  ethers  In  presence  of  mineral  acid  leads  to  formation  of  diaryl 
ketals  (II)  which  have  not  been  described  in  the  literature.  It  was  not  possible,  however,  to  prepare  mixed  diaryl 
ketals  or  symmetrical  diguaiacyl  and  dicyclohexyl  ketals. 

The  susceptibility  of  a-methylvinyl  aryl  and  a-methylvlnyl  cyclohexyl  ethers  to  polymerization  was  in¬ 
vestigated.  We  know  that  polymerization  of  ethers  by  an  ionic  mechanism  proceeds  with  greater  facility  at  the 
boiling  point  of  the  original  ethers  [6],  and  the  reaction  of  high-J}olllng  ethers  Is  effected  at  reduced  pressure.  We 
therefore  performed  the  polymerization  of  the  ethers  in  question  In  vacuo  at  a  temperature  corresponding  to  the 
bolllt^  point  of  the  original  e^er.  Boron  fluoride  etherate  was  used  as  catalyst.  Under  these  conditions  a  small 


2382 


quantity  of  viscous  polymer  Is  formed.  Elementary  analysis  for  C,  H  and  O  Indicates  that  polymerization  goes  with 
partial  decomposition. 

When  polymerization  of  these  ethers  Is  performed  In  presence  of  boron  fluoride  etherate  In  the  cold  (—5*), 
viscous  polymers  are  obtained  whose  elemental  composition  (C,  H  and  O)  corresponds  to  that  of  the  original  mono¬ 
mers.  The  yield  of  these  low-molecular  products  was  extremely  low;  their  molecular  weight  Is  more  than  twice 
that  of  the  monomer.  Characteristics  of  the  prepared  polymers  are  given  in  Table  2. 

We  represent  the  mechanism  of  polymerization  of  a-methyl  aryl  ethers  in  the  first  stage  of  the  reaction  In 
presence  of  Ionic  catalysts  In  the  following  form:  BF3  +  lIjO  (trace)  —*•  (BFs-OH")  +  H+. 

Subsequently  a  carbonlum  Ion  Is  formed  under  the  action  of  the  proton: 

'h 

(:n.,_r,_OAr-+  /iCH2=C— OAr  — » 

I  I 

CII.,  CII3 

^.OAr  r  ^OAr  |  ^OAr 

— >  Clio— C^- - GMo— C- - f — CIU—C- -  •  • 

\C„,  L  L, 

EXPERIMENTA  L 

The  starting  a-methylvlnyl  aryl  ethers  were  synthesized  by  the  method  developed  by  us  [7]. 

1.  Preparation  of  diphenyl  ketal.  18.4  g  a-methylvlnyl  phenyl  ether  and  12.9  g  phenol  were  placed  In  a 
100  ml  3-necked  flask  fitted  with  stirrer,  thermometer  and  reflux  condenser.  After  1  drop  of  33*^0  hydrochloric 
acid  had  been  Introduced,  the  temperature  rose  from  20  to  93®.  The  mixture  was  left  overnight.  The  faint-yellow 
solution  was  neutralized  with  anhydrous  sodium  carbonate,  the  precipitate  was  filtered  off,  and  the  filtrate  was 
distilled.  After  a  mixture  of  unreacted  ether  and  phenol  had  come  over,  12.1  g  diphenyl  ketal  was  Isolated;  b.  p. 
154-155®  (12  mm). 

Di-m-cresyl  ketal  and  butyl  cyclohexyl  ketal  were  prepared  by  the  same  procedure.  Results  are  presented 
In  Table  1. 

2.  Reaction  of  g-methylylnyl  phenyl  ether  with  ethyl  alcohol.  20  g  a-methylvlnyl  phenyl  ether  and  7  g 
(slight  excess)  anhydrous  alcohol  were  put  Into  a  100  ml  3-necked  flask  fitted  with  mechanical  stirrer,  thermometer 
and  reflux  condenser.  The  mixture  was  well  stirred,  and  1-2  drops  of  33%  hydrochloric  acid  was  added.  The  reac¬ 
tion  temperature  was  observed  to  rise  from  20  to  100®.  The  mixture  was  left  overnight.  The  yellow  solution  was 
neutralized  with  anhydrous  sodium  carbonate,  the  precipitate  was  filtered  off,  and  the  filtrate  was  distilled  to  give 
the  following  fractions.-  1st,  b.  p.  26-48®  (30  mm),  1.9  g;  2nd,  b.  p.  48-53®  (30  mm),  1.3  g;  3rd,  b.  p.  70-83® 

(28  mm),  1.1  g;  4th,  b.  p.  83-105®  (26  mm),  12.9  g;  5th ,  b.  p.  110-160®  (26  mm),  2  g.  The  residue  was  1.1  g 
of  tarry  liquid. 

4.9  g  of  liquid  was  collected  in  a  trap  (after  the  receiver)  which  was  immersed  In  a  mixture  of  acetone  and 
dry  Ice.  The  1st  and  2nd  fractions  and  the  trapped  liquid  were  treated  with  metallic  sodium  in  diethyl  ether.  Re¬ 
distillation  gave  1.2  g  (10%)  of  a-methylvinyl  ethyl  ether  with  b.  p.  62-63®  (754  mm),  n*®D  1.3900* ;  and  0.8  g 
diethyl  ketal  with  b.  p.  113®  (754  mm),  n*^D  1.3867.  12.8  g  phenol  was  obtained  from  die  3rd  and  4th  fractions. 

3.  Reaction  of  g-methylyinyl  gualacyl  ether  with  butyl  alcohol.  The  above  procedure  was  employed  for 
reaction  of  5  g  a-methylvinyl  gualacyl  ether  with  4.5  g  anhydrous  butyl  alcohol.  The  following  fractions  were 
obtained:  1st,  b.  p.  52-58®  (44  mm),  1.8  g;  2nd,  b.  p.  75-77®  (27  mm),  3.1  g;  3rd,  b.  p.  105-108®  (27  mm), 

2.7  g.  Treatment  with  metallic  sodium  in  diethyl  ether  followed  by  redistillation  of  the  1st  and  2nd  fractions 
gave  2.5  g  (36.5%)  of  dlbutyl  ketal  with  b.  p.  94®  (35  mm),  n*®D  1.4170. ••  The  3rd  fraction  gave  2.3  g  gualacol. 

4.  Ionic  polymerization  of  a-methylvlnyl  aryl  and  a-methylvinyl  cyclohexyl  ethers  in  presence  of  boron 
fluoride  etherate  by  boiling  in  vacuo  [6].  A  weighed  quantity  (5-8  g)  of  the  ether  was  placed  In  a  3-necked  flask 

•  According  to  [8]  the  compound  has  b.  p.  61-62*  (752  mm),  n^’D  1.3913. 

*•  Literature  [1];  b.  p.  69-70®  (24  mm),  n*°D  1.4150. 
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fitted  with  reflux  condenser  attached  to  a  Vigreux  column,  a  thermometer,  and  a  capillary  extending  to  the  bottom 
of  the  flask.  The  ether  was  heated  on  an  oil  bath  to  boiling  point  in  the  vacuum  of  a  water  jet  pump.  Addition 
of  2-3  drops  of  a  freshly  prepared  l^Pjo  solution  of  BFs  etherate  in  diethyl  ether  caused  a  slight  rise  (10-25®)  of 
temperature  and  darkening  of  the  solution.  After  30  min  heating,  the  flask  was  cooled,  and  a  stream  of  gaseous 
ammonia  was  Introduced  to  neutralize  the  catalyst.  The  viscous  solution  was  transferred  to  a  flask  for  steam 
distillation.  After  150  ml  water  had  distilled  over,  a  reddish  resin  was  observed  in  the  residue.  The  resin  was 
separated  from  water  and  dissolved  In  benzene,  and  the  benzene  was  driven  off  at  40-50  mm.  The  residue  was 
brought  to  constant  weight  in  a  vacuum -desiccator.  Results  are  presented  in  Table  2. 

5.  Ionic  polymerization  of  g-methylyinyl  aryl  ethers  in  presence  of  boron  fluoride  etherate  at  low  tempera¬ 
ture.  A  weighed  amount  of  ether  (5-10  g)  was  placed  in  a  3-necked  flask  fitted  with  stirrer  and  thermometer.  The 
flask  was  cooled  to  —5®.  The  temperature  of  the  mass  rose  to  +5®  when  a  drop  of  12%  solution  of  BF3  etherate  in 
diethyl  ether  was  added.  The  mixture  was  kept  at  this  temperature  for  3-4  hrs,  after  which  it  was  brought  to  room 
temperature.  After  gaseous  ammonia  had  been  introduced,  the  polymer  was  worked  up  as  described  above.  Re¬ 
sults  are  presented  in  Table  2. 

SUMMARY 

1.  Conditions  for  addition  of  alcohols  and  phenols  to  a-methylvinyl  aryl  and  a-methylvinyl  cyclohexyl 
ethers  were  investigated. 

2.  It  was  shown  that  alkyl  aryl  ketals  are  incapable  of  existence  and  easily  break  down  with  liberation  of 
phenol . 

3.  The  possibility  of  indirect  preparation  of  a-methylvlnyl  alkyl  ethers  was  demonstrated,  starting  from 
a-methylvlnyl  aryl  ether  and  the  appropriate  alcohol  (via  ketals). 

4.  Diphenyl  and  dl-m-cresyl  ketals  and  butyl  cyclohexyl  ketal  (not  previously  described  in  the  literature) 
were  prepared. 
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SYNTHESIS  AND  STUDY  OF  N-OXIDES  OF  HETEROCYCLIC  COMPOUNDS 


I.  N-OXIDE  DERIVATIVES  OF  MORPHINE,  TETRAHYDRO  ISO  QUINOLINE  AND  QUINOLINE 
A.  M.  Khaletskii,  V.  G.  Pesln,  and  Chou  Ts’ln 


Heterocyclic  N-oxides  have  been  known  for  a  long  time,  but  their  chemistry  has  been  inadequate  studied; 
certain  N-oxides  are  interesting  not  only  biologically  (iodinin,  aspergillic  acid,  etc.)  but  they  also  possess  value 
in  the  synthesis  of  difficultly  available  compounds  (4-nitropyrldine,  etc.  [1]).  In  this  communication  we  present 
the  data  obtained  in  a  study  of  the  synthesis  and  properties  of  some  N-oxide  derivatives  of  morphine,  tetrahydro- 
isoquinoline  and  quinoline. 

The  oxidation  of  codeine  (I)  with  3%  hydrogen  peroxide  gave  codeine  N-oxide  (II),  m.  p.  206-208"  (litera¬ 
ture  [2],  m.  p.  230-231");  the  oxidation  of  dihydrohydroxycodeinone  (III)  with  3*70  HjOjj  'in  alcohol  medium 
gave  the  corresponding  N-oxide  (IV),  m.  p.  152-153"  (with  decomp.),  whose  picrate  had  m.  p.  190-192",  and  whose 
hydrochloride  had  m.  p.  167-168". 


(I) 


(11) 


Dihydrohydroxycodeinone  N-oxide  (IV)  reacts  in  a  peculiar  manner  with  sulfur  dioxide;  reaction  of  the  latter 
with  an  alcoholic  solution  of  (IV)  yields  a  water-soluble  substance  (VI),  m.  p.  169-170";  an  aqueous  solution  of 
(VI)  when  made  alkaline  with  sodium  hydroxide  gave  the  original  dihydrohydroxycodeinone  (III)  as  a  precipitate. 

.Acidification  of  an  aqueous  solution  of  (VI),  followed  by  the  addition  of  barium  chloride,  gave  a  precipitate  of 
barium  sulfate.  From  this  it  could  be  postulated  that  dihydrohydroxycodeinone  N-oxide  (IV)  reacts  with  sulfurous 
acid*  to  forni  the  sulfate  of  dihydrohydroxycodeinone  (III). 


(IV) 


I!,SO, 


Kon 


(III)  - 


nCl+BaCl, 


(III) 

(III)  +  BaS04 


However,  such  a  postulation  is  not  supported  experimentally.  Substance  (VI)  melts  at  169-70",  whereas  the  sulfate 
of  (III)  melts  at  138-139";  the  mixed  melting  point  of  the  latter  with  (VI)  shows  a  depression.  In  addition,  based 
on  the  analysis  data,  the  composition  of  substance  (VI)  corresponds  to  that  of  the  hydrate.  On  the  basis  of  the  pre¬ 
sented  data  it  is  possible  to  postulate  that  the  oxidation  of  dihydrohydroxycodeinone  (HI)  yields  the  corresponding 
N-oxide  hydrate  (V),  which  when  reacted  with  sulfur  dioxide  is  converted  to  a  compound  that  is  Isomeric  with  the 
sulfate  (VI). 

•  Although  the  reaction  was  run  with  dry  sulfur  dioxide  gas  in  anhydrous  alcohol,  still  it  could  always  be  assumed 
that  a  trace  amount  of  moisture  (0.026  g),  necessary  to  form  sulfurous  acid  [based  on  the  amount  of  (III)  consumed]. 
Is  present  under  the  experimental  conditions. 
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Consequently,  the  oxidation  of  (III)  yields  a  completely  substituted  ammonium  derivative  of  the  type 
[(R)3N0HJ’’0H  ,  where  R,  a  hydrocarbon  radical,  is  converted  on  further  treatment  with  sulfur  dioxide  to  sulfate 
(VI),  by  analogy  with  the  example  cited  in  [3]. 

((M);,NOIIl+OH-+  MCI  [(H)3NUH1+C1-+  H2O 


The  oxidation  of  salsolidine  (VII)  with  3%  hydrogen  peroxide  in  aqueous  acetone  gave  substance  (VIII),  m.  p. 
100-101”,  which  reduced  Fehling  solution  and  ammoniacal  silver  oxide  solution,  but  which  failed  to  give  any  de¬ 
rivatives  characteristic  for  the  aldehyde  group.  It  is  possible  to  assume  that  the  substance  is  N-hydro:;ysalsolidine, 
having  the  structure  of  (VIII). 
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When  salsoline  was  oxidized  with  either  hydrogen  peroxide  or  perbenzoic  acid  we  were  unable  to  isolate 
N-hydroxysalsolidine,  which  is  in  agreement  with  the  literature  data  [4]  on  the  lesser  activity  of  salsoline  when 
compared  with  salsolidine.  The  oxidation  of  the  N-methyl  derivatives  of  salsolidine  and  salsoline  led  to  die  quite 
easy  formation  of  the  corresponding  N-oxides  (IX  and  X). 
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As  regards  the  N-oxides  of  the  8-hydroxy-  and  8-ethoxyqulnolines,  then  Judging  by  the  literature  data  [5], 
it  is  possible  to  obtain  them  by  the  oxidation  of  the  original  quinolines  with  perbenzoic  acid;  the  oxidation  of 
8-hydroxyquinollne  with  hydrogen  peroxide  in  the  presence  of  glacial  acetic  acid  enabled  us  to  obtain  the  cor¬ 
responding  N-oxide  in  very  low  yield,  while  the  oxidation  of  8-ethoxyquinoline  under  the  indicated  conditions 
failed  to  give  us.  even  traces  of  8-ethoxyquinollne  N-oxlde.  Positive  results  were  obtained  only  when  the  8-hy¬ 
droxy-  and  8-ethoxyquinolines  were  heated  with  hydrogen  peroxide  to  50-60“  in  the  presence  of  acetic  acid.  As 
was  established  by  us,  8-hydtoxyqulnollne  N-oxlde  is  formed  in  much  smaller  yield  than  is  8-ethoxyqulnollne 
N-oxlde,  which  can  be  explained  by  the  Influence  of  the  hydrogen  bond  in  the  structure  of  8-hydroxyqulnoline. 
In  view  of  the  fact  that  8-ethoxyqulnollne  N-oxlde  melts  at  60”  and  even  considerably  lower  when  Impure,  we 
purified  it  through  the  plcrate  and  the  hydrochloride;  the  free  base  was  Isolated  from  the  hydrochloride. 

The  ethylation  of  8-hydroxyqulnollne  N-oxlde  with  ethyl  iodide  gave  8-ethoxyqulnoline  N-oxlde  (XII)  in 
62<7o  yield;  in  this  respect  8-hydroxyquinollne  N-oxlde  differs  sharply  from  quinoline  N-oxlde  [as  is  known,  the 
methylatlon  of  the  latter  yields  the  iodide  with  structure  (XIII)]. 
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The  influence  of  substituenrs  on  the  oxidation  of  quinoline  derivatives  was  also  demonstrated  to  us  in  die  action  of 
peracetic  acid  on  2-phenylquinoIine-4-carboxylic  acid  (atophan)  (XIV),  where  the  corresponding  N-oxide  (XV) 
was  isolated  in  80<7o  yield;  when  the  oxidation  was  run  with  an  excess  of  30<7o  hydrogen  peroxide  In  the  presence 
of  aqueous  acetic  acid  we  isolated,  besides  atophan  N-oxide  (XV),  also  N-benzoylanthranilic  acid  (XVI). 
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EXPERIMENTAL 

Codeine  N-oxide  (11).  A  mixture  of  45  ml  of  3%  hydrogen  peroxide  and  8.4  g  of  codeine  (I)  was  heated  on 
a  water  bath  at  50~60";  removal  of  the  water  by  vacuum-distillation  gave  8  g  of  (II),  which  after  recrystallization 
from  water  melted  at  206-208";  white  needles,  soluble  in  water  and  alcohol. 

Found  <7o:  N  4.37,  4.51.  CijH^p^N.  Calculated  N  4.44. 

Codeine  N-oxide  hydrochloride.  A  hot  solution  of  1.6  g  of  (II)  in  5  ml  of  alcohol,  obtained  by  heating  on 
the  water  bath,  was  treated  with  1  ml  of  hydrochloric  acid  (d  1.19);  we  obtained  1.35  g  (87%)  of  substance  with 
m.  p.  209-214".  After  recrystallization  from  alcohol,  m.  p.  214-217". 

Dihydrohydroxycodeinone  N-oxide  (tecodine)  (IV).  A  solution  of  5  g  of  dihydrohydroxycodeinone  hydrochlor¬ 
ide  in  40  ml  of  water  was  treated  with  10  ml  of  10%  NaOH  solution;  after  washing  the  precipitate  with  water  and 
drying  at  100*  we  obtained  4.15  g  (93.2%)  of  dihydrohydroxycodeinone  (III),  m.  p.  213-216*. 

7  g  of  (III)  was  added  to  a  mixture  of  40  ml  of  alcohol  and  30  ml  of  hydrogen  peroxide  (3%);  the  mixture 
was  heated  on  the  water  bath  and  the  solvent  removed  by  vacuum-distillation  to  give  3.25  g  (46.2%)  of  substance, 
m.  p.  152-153*  (with  decomp.).  Dihydrohydroxycodeinone  N-oxide  (IV)  is  a  white  crystalline  powder,  difficultly 
soluble  in  alcohol,  and  moderately  soluble  in  water;  it  forms  a  red  color  when  heated  with  acetic  anhydride. 

Found  %;  C  62.18,  61.51;  H  6.66,  6.76;  N  3.97,  3.71.  CigHjgOeN.  Calculated  %:  C  61.89;  H  6.59; 

N4.01. 

Dihydrohydrocodeinone  N-oxide  picrate.  The  picrate  was  obtained  by  adding  a  saturated  solution  of  picric 
acid  to  an  alcohol  solution  of  dihydrohydroxycodeinone  N-oxide;  the  precipitate  after  drying  had  m.  p.  190-192. 

Dihydrohydroxycodeinone  N-oxide  hydrochloride.  An  alcohol  solution  of  HCl  was  added  to  an  alcohol  solu¬ 
tion  of  0.8  g  of  dihydrohydroxycodeinone  N-oxide;  the  solution  was  concentrated  In  vacuo,  and  after  standing  for 
10  days,  gave  0.65  g  of  substance,  which  after  recrystallization  from  alcohol,  and  then  from  ether,  melted  at 
167-168*.  The  compound  was  obtained  as  white  needles,  readily  soluble  in  alcohol  and  in  water. 

Isomer  of  dihydrohydroxycodeinone  sulfate  (VI?).  Dihydrohydroxycodeinone  N-oxlde  (IV)  (0.5  g)  was  dissolved 
inanhydrous  alcohol  with  heating,  and  die  solution  was  saturated  with  dry  sulfur  dioxide,  obtained  by  the  decomposi¬ 
tion  of  sodium  sulfite  with  sulfuric  acid.  Evaporation  of  the  alcohol  solution  gave  0.37  g  (62.5%)  of  substance, 
which  after  recrystallization  from  anhydrous  alcohol  melted  at  169-170*  (with  decomp.).  The  compound  is  readily 
soluble  in  water  and  gives  a  precipitate  of  barium  sulfate  when  treated  with  barium  chloride  in  the  presence  of 
hydrochloric  acid. 
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Found  <7o:  C  52.23,  52.12;  H  5.72,  5.58;  N  3.16,  3.22;  S  7.85,  7.59.  CjgHjjOgNS.  Calculated  C  52.23; 
H  5.57;  N  3.16,  3.22;  S  7.75. 

Hydrolysis.  Hydrolysis  of  the  substance  with  m.  p.  169-170°  with  10%  sodium  hydroxide  solution  gave  a 
precipitate,  which  after  recrystallization  from  amixture  of  alcohol  and  water  had  m.  p.  207-209°;  the  mixed 
melting  point  with  dlhydrohydroxycodelnone  was  not  depressed. 

Dihydrohydroxycodeinone  sulfate.  The  addition  of  concentrated  HgSO^  to  an  alcohol  solution  of  the  sub¬ 
stance  with  m.  p.  207-209°  gave  a  precipitate,  which  after  recrystallization  from  water  had  m.  p.  138-139°. 

N-Hydroxysalsolidtne  (VIII).  A  mixture  of  3  g  of  salsolldlne  (VII),  20  ml  of  acetone  and  30  ml  of  water  was 
treated  with  2.5  ml  of  30%  hydrogen  peroxide.  The  mixture  was  allowed  to  stand  at  room  temperature  for  several 
days,  after  which  the  acetone  was  distilled  off,  and  the  aqueous  solution  was  extracted  with  ether.  The  ether  solu¬ 
tion  after  drying  over  anhydrous  sodium  sulfate  was  distilled  to  remove  the  ether;  we  obtained  0.5  g  (15.48%)  of 
substance,  which  after  recrystallization  from  a  mixture  of  alcohol  and  water  had  m.  p.  100-101°.  The  compound 
was  obtained  as  a  white  powder,  and  reduced  both  Fehling  solution  and  ammoniacal  silver  oxide  solution. 

Found  %;  C  64.65,  64.67;  H  7.34  ,  7.44;  N  6.33,  6.39.  CJ2H17O3N.  Calculated  %:  C  64.57;  H  7.62; 

N  6.28. 

l,2-Dimethyl-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline  N-oxide* (N-methylsalsolidine  N-oxide) (IX). 

A  mixture  of  6  g  of  N-methylsalsolldine,  25  ml  of  95%alcohol,  25  ml  of  water  and  3.5  ml  of  30% hydrogen  per¬ 
oxide  solution  was  stirred  for  4  days,  after  which  the  aqueous  alcohol  solution  was  vacuum-distilled,  the  residual 
yellowish  liquid  dissolved  in  alcohol,  and  the  alcohol  solution  treated  with  a  saturated  alcohol  solution  of  picric 
acid.  We  obtained  11  g  of  N-methylsalsolidine  N-oxide,  m.  p.  122-130°;  after  recrystallization  from  a  mixture 
of  alcohol  and  water  (1 : 1),  m.  p.  133-134°.  Reaction  of  the  picrate  of  N-methylsalsolidine  N-oxide  with  hydro¬ 
chloric  acid  gave  the  hydrochloride,  which  was  extracted  with  hot  benzene  after  removal  of  the  picric  acid  by 
filtration.  Tlie  hydrochloride  of  N-metliylsalsolldine  N-oxide  after  purification  with  alcohol  and  ether  had  m.  p. 
162-163°  (with  decomp.). 

Found  %:  C  57.32,  57.51;  H  7.41,  7.57;  N  5.32,  5.28.  CigHigOgN.  HCl.  Calculated  %:  C  57.04;  H  7.31; 
N  5.12. 

Attempted  oxidation  of  salsoline.  a)  Oxidation  with  hydrogen  peroxide.  A  solution  of  1  g  of  salsoline  in 
8  ml  of  98%  acetic  acid  was  treated  with  10  ml  of  3%  hydrogen  peroxide;  the  mixture  was  heated  on  the  water 
bath,  the  water  was  vacuum -distilled,  and  the  residue,  a  thick  red  oily  liquid,  was  treated  with  alcohol  and  1  ml 
of  hydrochloric  acid.  The  obtained  precipitate  had  m.  p.  212°  and  did  not  give  a  melting  point  depression  when 
mixed  with  authentic  salsoline. 

b)  Oxidation  with  hydrogen  peroxide  in  neutral  medium.  A  mixture  of  1  g  of  salsoline  and  100  ml  of  95% 
alcohol  was  heated  on  the  water  bath  at  60°.  The  mixture  on  cooling  gave  a  crystalline  substance  with  m.  p. 

210°,  which  did  not  depress  the  melting  point  when  mixed  with  authentic  salsoline. 

c)  Oxidation  with  perbenzoic  acid.  A  mixture  of  1  g  of  salsoline,  80  ml  of  chloroform  and  10  ml  of  alcohol 
was  heated  under  reflux,  and  then  with  ice  cooling  the  solution  was  treated  with  70  ml  of  a  chloroform  solution 
containing  1.2  g  of  perbenzoic  acid.  An  individual  substance  could  not  be  isolated  when  the  yellowish-brown 
residue  was  treated  with  10%  ammonia  solution. 

N-Methylsalsoline  N-oxide  (X).  A  mixture  of  0.5  g  of  N-methylsalsoline,**  10  ml  of  water  and  0.3  ml  of 
30%  hydrogen  peroxide  was  stirred  for  3  days,  after  which  the  reaction  mixture  was  vacuum-distilled  at  a  tem¬ 
perature  not  exceeding  40°.  Treatment  of  the  residual  viscous  liquid  with  an  alcohol  solution  of  hydrogen  chlor¬ 
ide  gave  0.3  g  of  a  white  precipitate  with  m.  p.  172-174°,  which  after  recrystallization  from  alcohol  and  ether 
had  m.  p.  186°,  and  was  readily  soluble  in  water.  Treatment  with  25%  ammonia  solution  gave  white  crystals  with 
m.  p.  181-183°  (with  decomp.). 


•  l,2-Dimethyl-6,7-dlmethoxy-l,2,3,4-tetrahydroisoquinoline  was  obtained  by  the  method  described  in  the 
literature  [6];  its  picrate  had  m.  p.  218. 

••  l,2-Dimethyl-6-hydroxy-7-methoxytetrahydroisoquinoline  with  m.  p.  139-142°  was  obtained  by  the  method 
described  in  the  literature  [7]. 


Found  %:  0  55.21,  55.30;  H  7.20,  7.04;  N  5.47,  5.38.  CuHitOjN  •  HCl.  Calculated  «7o:  0  55.50;  H  6.93; 

N  5.39. 

8-Hydroxyqulnollne  N-oxtde  (XI).  a)  Oxidation  of  8-hydroxyqutnoline  with  perbenzolc  acid.  A  chloroform 
solution  of  perbenzolc  acid,  containing  0.512  g  of  active  oxygen,  was  cooled  to  1"  and  then  4.5  g  of  8-hydroxy- 
qulnollne  in  20  ml  of  chloroform  was  added  gradually.  The  next  day  the  chloroform  was  vacuum-distilled,  and 
the  viscous  residue  was  first  washed  with  ammonia  solution  by  decantation,  then  with  water,  and  finally  recrystal¬ 
lized  from  water.  The  compound  was  obtained  as  yellow  needles  with  m.  p.  137-138*. 

b)  Oxidation  of  8-hydroxyquiholine  with  peracetic  acid.  A  mixture  of  25  ml  of  98%  acetic  acid,  19.2  ml 

of  acetic  anhydride  and  25  ml  of  30%  hydrogen  peroxide  was  heated  at  40-45",  and  in  3  hrs  5  g  of  8-hydroxyqulno- 
line  was  added  gradually  with  constant  stirring.  A  large  amount  of  heat  was  evolved  during  reaction,  the  tempera¬ 
ture  of  the  solution  rose  to  100",  and  the  solution  turned  red.  The  solution  was  cooled  to  50*,  kept  at  this  tem¬ 
perature  for  16  hrs,  the  acetic  acid  vacuum -distilled  from  the  reaction  mixture,  the  residue  treated  with  water, 
and  the  precipitate  filtered.  The  aqueous  solution  was  extracted  3  times  with  chloroform,  and  the  chloroform 
solution  was  washed  with  water,  dried  over  calcium  chloride,  and  then  evaporated  on  the  water  bath  to  dryness. 

We  obtained  1.1  g  (20%)  of  yellow  needle  crystals, which  after  recrystallization  from  water  had  m.  p.  133-134*. 

The  mixed  melting  point  with  8-hydroxyquinollne  N-oxlde  was  not  depressed. 

c)  Oxidation  of  8-hydroxyqulnoline  with  hydrogen  peroxide.  A  solution  of  10  g  of  8-hydroxyqulnollne  in 
50  ml  of  98%  acetic  acid  was  treated  with  22  ml  of  30%  hydrogen  peroxide  solution,  and  then  the  mixture  was 
heated  to  the  boil.  After  2  hrs  the  solution  was  neutralized  with  ammonia  solution,  and  the  obtained  precipitate 
was  recrystallized  from  a  mixture  of  alcohol  and  water;  m.  p.  74-75*.  The  mixed  melting  point  with  8-hydroxy- 
quinoline  was  not  depressed. 

8-Ethoxyquinoline  N-oxide  (XII).  a)  A  mixture  of  0.8  g  of  8-hydroxyqulnollne  N-oxlde  and  0.3  g  of  potas¬ 
sium  hydroxide  was  dissolved  in  30  ml  of  alcohol,  and  then  1  ml  of  ethyl  iodide  was  added  to  the  solution  with 
constant  stirring.  The  mixture  was  tiien  heated  on  the  water  bath  for  1  hr  at  the  boil,  the  alcohol  distilled  off, 
and  the  residue  treated  with  10%  sodium  hydroxide  solution.  The  alkaline  solution  was  extracted  with  ether,  and 
the  ether  solution  was  washed  with  water,  then  dried  over  anhydrous  sodium  sulfate,  and  finally  evaporated  to  dry¬ 
ness.  The  residual  brownish  oil  was  treated  with  alcohol,  and  then  an  alcohol  solution  of  picric  acid  was  added; 
removal  of  the  alcohol  gave  the  plcrate,  which  after  recrystalllzatlon  from  alcohol  had  m.  p.  135-138*.  The 
mixed  melting  point  with  the  plcrate  of  8-ethoxyqulnollne  N-oxlde,  the  latter  obtained  by  the  oxidation  of  8- 
etfioxyqulnoline  with  peracetic  acid,  was  not  depressed. 

b)  A  mixture  of  150  ml  of  98%  acetic  acid,  120  ml  of  acetic  anhydride  and  138  ml  of  30%  hydrogen  per¬ 
oxide  was  heated  with  constant  stirring  for  3  hrs  at  45-50*  in  a  flask  fitted  with  a  reflux  condenser  and  droppli^ 
funnel;  then  30  g  of  8-ethoxyqulnoline,  obtained  by  the  method  described  in  the  literature  [8],  was  added  gradually 
(here  a  temperature  rise  to  85*  was  observed).  Then  the  mixture  was  stirred  for  16  hrs  at  50*.  After  this  most  of 
the  liquid  was  vacuum -distilled,  200  ml  of  water  was  added  to  the  residue,  the  removal  of  the  liquid  by  vacuum- 
distillation  repeated,  the  residue  diluted  with  water,  the  solution  neutralized  with  10%  sodium  hydroxide  solution, 
and  the  resulting  viscous  brown  oil  extracted  with  chloroform.  The  chloroform  solution  was  washed  with  water, 
dried  over  calcliun  chloride,  and  then  stirred  with  36  g  of  picric  acid  to  give  49.4  g  (60.77%)  of  8-ethoxyqulno- 
llne  N-oxlde  plcrate.  After  recrystalllzatlon  from  ethyl  alcohol,  m.  p.  137-138". 

8-Ethoxyquinollne  N-oxide  hydrochloride.  8-Ethoxyqulnoline  N-oxlde  plcrate  (18  g)  was  mixed  with  45 
ml  of  hydrochloric  acid  (d  1.19),  and  the  obtained  picric  acid  was  filtered.  The  filtrate  was  extracted  with  hot 
benzene  (to  remove  picric  acid),  then  evaporated  In  vacuo  at  30-40"  to  an  oily  liquid,  and  the  latter  treated  with 
alcohol  and  ether.  The  obtained  yellow  needle  crystals  were  filtered  and  dried  In  a  desiccator;  we  obtained 
3.68  g  (38‘5()  of  8-ethoxyqulnollne  N-oxlde  hydrochloride,  m.  p.  158*. 

8-Ethoxyquinoline  N-oxide.  A  solution  of  0.97  g  of  8-ethoxyqulnollne  N-oxlde  hydrochloride  in  1.5  ml  was 
treated  with  4ml  of  10%  sodium  hydroxide  solution.  Since  the  free  base  failed  to  separate  here,  the  solution  was 
extracted  with  chloroform  and  after  drying  over  calcium  chloride  the  chloroform  solution  was  evaporated;  we 
obtained  0.8  g  (98%)  of  white  needle  crystals  with  m.  p.  56-58*.  After  recrystalllzatlon  from  ether,  m.  p.  61-62*. 

Found  %;  C  69.34,  69.67;  H  5.69,  5.76;  N  7.37,  7.55.  C^HiPjN.  Calculated  %;  C  69.84;  H  5.82; 

N  7.40. 
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2-F^enylqulnollne"4-carboxyllc  acid  N-oxlde  (XV).  A  mixture  of  250  ml  of  98«iH»  acetic  acid  and  120  ml 
of  30*70  hydrogen  peroxide,  after  heating  on  the  boiling  water  bath,  was  treated  with  20  g  of  2-phenylqulnollne- 
4-carboxyllc  acid  (XIV),  added  portlonwlse  In  1  hr  and  with  stlnlng.  Heating  the  mixture  for  5  hrs  on  the  boiling 
water  bath  gave  a  yellow  precipitate,  which  after  recrystalllzatlon  from  alcohol  had  m.  p.  244";  yield  15.91  g 
(76%).  The  compound  Is  readily  soluble  In  ethyl  and  methyl  alcohol.  In  chloroform,  and  Is  Insoluble  In  water. 

Found  %:  C  72.55,  72.27;  H  4.20,  4.45;  N  5.21,  5.20.  CxeHuPjN.  Calculated  %:  C  72.44;  H  4..18; 

N  5.28. 

N-Benzoylanthranlllc  acid  (XVI).  Recrystalllzatlon  of  the  second  portion  of  precipitate  (obtained  on  pour¬ 
ing  the  acetic  acid  solution  Into  water)  gave  N-benzoylanthranlllc  acid,  which  was  obtained  as  pale  yellow  crystals 
with  m.  p.  170-172®;  the  yield  was  3  g  (15.78%,  based  on  2-phenyl-4-caxboxyllc  acid). 

Found  %:  C  69.51,  69.91;  H  4.72,  4.74.  C14H11O3N.  Calculated  %:  C  69.71;  H4.57. 

Oxidation  of  2-phenylqulnollne-4-caiboxyllc  acid  with  perbenzolc  acid.  A  suspension  of  1  g  of  atophan 
In  100  ml  of  chloroform  was  treated  with  22  ml  of  a  chloroform  solution  containing  0.84  g  of  perbenzolc  acid. 

After  2  days  the  Insoluble  portion  was  filtered  and  recrystalllzed  from  alcohol,  m.  p.  210".  The  mixed  melting 
point  with  atophan  was  not  depressed. 

Oxidation  of  2- phenyl qulnollne-4-carboxyllc  acid  with  hydrogen  peroxide.  1  g  of  atophan  In  a  mixture 
(1 : 1)  of  acetone  and  alcohol  (75  ml)  was  oxidized  with  8  ml  of  a  25%  hydrogen  peroxide  solution  at  50*.  After 
removal  of  the  solvents  by  vacuum-distillation  the  Isolated  precipitate  had  m.  p.  206-208®,  and  failed  to  depress 
the  melting  point  when  mixed  with  atophan. 

Reduction  of  2- phenyl qulnollne-4-carboxyllc  acid  N-oxlde.  A  mixture  of  0.5  g  of  atophan  N-oxlde,  1.5  g 
of  sodium  hydrosulfite,  10  ml  of  alcohol  and  10  ml  of  water  was  heated  under  reflux  for  3  hrs.  The  crystalline 
powder  obtained  on  cooling  was  dried  at  90®;  we  obtained  0.2  g  of  substance  with  m.  p.  205-207®.  The  mixed 
melting  point  with  atophan  was  not  depressed. 


SUMMARY 

1.  The  reaction  of  H2O2  with  codeine,  dlhydrohydroxycodeinone,  salsolldlne,  N-methylsalsolldlne 
N-oxlde,  salsollne,  N-methylsalsollne  N-oxlde,  8-hydroxyqulnollne,  8-ethoxyqulnollne  and  2-phenylqulnollne- 
4-carboxyllc  acid  was  studied.  In  which  connection  the  corresponding  N-oxldes  were  Isolated. 

2.  It  was  found  that  the  reaction  of  dlhydrohydroxycodeinone  with  sulfur  dioxide  yields  a  substance  with  m.  p. 
169-170®  (with  decomp.),  which  when  hydrolyzed  in  the  presence  of  caustic  is  converted  to  dlhydrohydroxycodeinone. 
It  was  also  found  that  the  substance  with  m.  p.  169-170®  Is  different  from  the  sulfate  of  dlhydrohydroxycodeinone 
with  m.  p.  138-139®. 

3.  The  reaction  of  peracetic  acid  with  8-hydroxyqulnoline  was  Investigated,  and  the  N-oxide  of  the  latter 
with  m.  p.  133-134®  was  isolated. 

4.  The  reaction  of  perbenzolc  acid  with  salsoline,  8-hydroxyquinoline  and  2-phenylqulnollne-4-carboxyllc 
acid  was  Investigated,  In  which  connection  only  the  N-oxide  of  8-hydroxyquinoline  was  Isolated. 
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CHEMISTRY  OF  PYRAZOLIDINE 

I.  SYNTHESIS  AND  STUDY  OF  SOME  MONO-  AND  DISUBSTITUTED  DERIVATIVES  OF 
l,2-DIPHENYL-3,5-DIOXOPYRAZOLIDINE 

A.  M.  Khaletskll,  V.  G.  Pesln,  and  T^ng  Jun-Hslang 


Despite  the  fact  that  pyrazolidlne  has  been  known  for  a  long  time,  the  chemistry  of  Its  derivatives  has  re¬ 
ceived  Inadequate  study;  this  is  especially  pertinent  to  compounds  of  the  type  of  (I)  and  (II). 


II 

I 

Rx-C - C=0 

I  I 

0=0  N-Cells 


C«llr.  (1) 


Rs 

I 

Ri— 0 - 0=0 

0=0  N-OellB 


OfiHr,  (H) 


Rj  and  Rj  are  various  radicals. 

Derivatives  of  the  (I)  type  can  be  obtained  by  various  methods  [1,2].  We  investigated  the  following  reac¬ 
tions:  a)  reaction  of  l,2-diphenyl-3,5-dloxopyrazolidlne  with  alkyl  halides,  and  b)  reaction  of  an  alkylmalonic 
ester  with  hydrazobenzene. 


a) 


b) 


R,  Ur,  NaOH 


IlgO— G=0 

I  I 

0=0  N— Oglls 

I 

C«H5 

c.it,NiiNHC,ii5.  r.,tt,ONa 

11  /  ^COOOalls 


(I) 


Based  on  the  patent  data  [3],  reaction  "a"  is  run  by  reacting  the  starting  substances  at  70* in  the  presence 
of  2  N  sodium  hydroxide  solution.  When  this  reaction  was  studied  by  us  it  was  found  that  it  is  impossible  to  isolate 
any  noticeable  amount  of  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  under  the  indicated  conditions;  nega¬ 
tive  results  were  also  obtained  when  the  water  was  replaced  by  anhydrous  alcohol.  Satisfactory  results  were  ob¬ 
tained  when  reaction  t"  was  studied,  and  here  the  mentioned  product  was  isolated  in  60%  yield.  The  same  me¬ 
thod  was  used  by  us  to  synthesize  other  type  (I)  compounds,  where  R  =  n-C^Hg,  CgHs,  ^  _  ,  CHpCH2, 

CjH^CH,,  (CH3)2NCH2-CH2,  (C2H6)2N— CHj— CHj.  The  synthesis  of  derivatives  of  the  (II)  type,  where  RjR,  = 

=  CH„  n-C^Hg;  CjHg,  n-C4H9;  CHj,  ;  CjHg,  ;  ;  was  accomplished  by  us  both  by  the 

reaction  of  disubstituted  derivatives  of  malonic  ester  with  hydrazobenzene  in  the  presence  of  sodium  alcoholate. 
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and  by  the  reaction  of  4-alkyl-l,2-diphenyl-3,5-dloxopyrazolldine  with  alkyl  halides. 


l{|v  .C()UC2IIr 

a)  c.n>Nrmnc,H..  o.iuoNa 
^COOGzllg 

b)  (I)  - JlJlT - 


Here  it  was  found  that  reaction  ’a*  proceeds  with  the  greater  difficulty.  Thus,  when  eltlier  A*-cyclohexenyl- 
methylmalonlc  ester  or  A^-cyclohexenylethylmalonic  ester  is  reacted  with  hy  dr  azobenzene  in  the  presence  of 
sodium  alcoholate  the  corresponding  l,2-dlphenyl-3,5-dloxopyrazolidlne  derivatives  are  formed  in  yields  of  only 
2-3%.  Consequently,  tills  method  does  not  have  practical  value,  although  the  indicated  reaction  does  have  definite 
theoretical  Interest. 

It  is  known  that  symmetrical  disubstituted  hydrazines,  for  example,  hydrazobenzene,  readily  react  with 
malonlc  ester  but  show  much  more  difficult  reaction  with  monosubstltuted  derivatives  of  malonlc  ester  [2].  As 
regards  the  disubstituted  derivatives,  then  based  on  literature  data  [4],  these  compounds  are  incapable  of  reacting 
with  symmetrical  disubstituted  hydrazines  to  yield  derivatives  of  the  (II)  type.  As  was  shown  by  us,  the  alkylation 
of  the  monosubstltuted  derivatives  of  l,2-dlphenyl-3,5-dioxopyrazolldlne  possesses  practical  value  (method  Ti"). 
With  this  method  we  were  able  to  obtain  the  4,4-n-butylmethyl-  and  4,4-n-butylethyl-l,2-dlphenyl-3,5-dloxo- 
pyrazolidines  in  80-90%  yield. 


EXPERIMENTAL 

4-n-Butyl-l,2-diphenyl-3,5-dioxopyrazolidine.  To  a  solution  of  30  g  of  sodium  metal  in  1  liter  of  anhy¬ 
drous  alcohol  was  added,  with  constant  stirring,  250  g  of  n-butylmalonlc  ester  and  212.2  g  of  hydrazobenzene. 

The  reaction  was  run  in  a  3-necked  flask,  fitted  with  a  reflux  condenser  protected  by  a  calcium  chloride  tube, 
and  a  thermometer.  After  boiling  on  the  water  bath  until  a  homogeneous  solution  was  obtained,  the  reflux  con¬ 
denser  was  replaced  by  a  descending  condenser,  the  alcohol  distilled  off,  and  the  residue  heated  with  constant 
stirring  for  12  hrs  at  130-150*.  The  solid  mass  obtained  on  cooling  was  treated  with  1  liter  of  water,  and  the 
alkaline  filtrate  was  extracted  with  ether  to  remove  Impurities,  after  wliich  it  was  acidified  until  acid  to  Congo; 
the  obtained  yellowish  oily  precipitate  crystallized.  Recrystallization  from  alcohol  gave  213  g  of  substance  with 
m.  p.  105“  (60%,  based  on  tlie  n-butylmalonlc  ester),  corresponding  to  the  known  4-n-butyi-l,2-dlphenyl-3,5- 
dioxopyrazolidine  [3]. 

4-A^-Cyclohexenyl-l,2-diphenyl-3,5-dioxopyrazolidine.  To  a  solution  of  2.07  g  of  sodium  metal  in  45 
ml  of  anhydrous  alcohol  was  added  with  constant  stirring  20  g  of  A*- cyclohex enylmalonlc  ester  and  15.4  g  of 
hydrazobenzene.  The  reaction  was  run  under  the  same  conditions  as  described  for  the  syndiesis  of  4-n-butyl-l,2- 
diphenyl-3,5-dioxopyrazolidlne.  The  precipitate  obtained  after  acidification  with  hydrochloric  acid  was  Isolated, 
and  after  recrystallization  from  alcohol  had  m.  p.  195-196*;  yield  18  g  (64%).  The  compound  was  obtained  as 
yellow  needles,  insoluble  in  water  and  dilute  acids,  soluble  in  alkalies,  chloroform  and  alcohol,  and  slightly  soluble 
In  etlier. 

Found  %:  C  75.97,  76.02;  H  6.12,  6.17;  N  8.53,  8.76.  CjiHjoOjNj.  Calculated  %:  C  75.90;  H  6.02; 

N  8.44. 

4-Dimethylaminoethyl-l,2-diphenyl-3,5-dioxopyrazolidine.  To  1.25  g  of  sodium  metal  in  30  ml  of  an¬ 
hydrous  alcohol,  contained  in  a  3-necked  flask  fitted  with  a  dropping  funnel  and  a  reflux  condenser  protected  by 
a  calcium  chloride  tube,  was  added  with  constant  stirring  11.5  g  of  ethyl  dlmethylaminoethylmalonate  and  9.16  g 
of  hydrazobenzene.  After  heating  in  an  oil  bath  at  120-130*,  followed  by  distillation  of  the  alcohol,  the  residue 
was  heated  for  10  hrs  at  150-160*;  the  reaction  mass  after  cooling  was  dissolved  in  200  ml  of  water,  the  solution 
filtered,  and  the  filtrate  neutralized  with  dilute  hydrochloric  acid.  The  precipitate  was  washed  with  ether  and 
then  recrystallized  from  alcohol  to  give  8  g  of  substance  (49%)  with  m.  p.  235-236*  (with  decomp.). 

Found  %:  C  70.93,  70.69;  H  7.02,  7.67;  N  12.88,  12.78.  C19H2P2N3.  Calculated  %:  C  70.59;  H  6.50; 

N  13.00. 
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The  crystalline  compound  Is  insoluble  In  water  and  ether,  and  is  soluble  in  dilute  acids,  alkalies,  alcohol 
and  chloroform. 

4-Diethyl aminoethyl-l,2-diphenyl-3,5-dioxopyrazolidine.  The  compound  was  obtained  in  the  same  manner 
as  the  preceding  from  25  g  of  diethylaminoethylmalonic  ester  and  14  g  of  hydrazobenzene  in  die  presence  of  2  g 
of  sodium  metal  and  50  ml  of  anhydrous  alcohol.  Yield  15.64  g  (46<yo),  m.  p.  216-217”.  The  compound  was  ob¬ 
tained  as  white  or  slightly  yellowish  crystals,  insoluble  in  water  and  ether,  and  soluble  in  alkalies,  acids,  chloro¬ 
form  and  alcohol. 

Found  C  72.06,  72.04;  H  7.53,  7.34;  N  12.38,  11.97.  C21H25O2N3.  Calculated  C  71.76;  H  7.17; 

N  11.97. 

4-Methoxymethyl-l,2-diphenyl-3,5-dioxopyrazolidine.  Obtained  in  the  same  manner  as  the  preceding  from 
10.2  g  of  methoxymethylmalonlc  ester  and  9.2  g  of  hydrazobenzene  in  the  presence  of  1.4  g  of  sodium  metal  in 
40  ml  of  alcohol.  Yield  7.4  g  (50%),  m.  p.  80-88“  (with  decomp.).  The  compound  was  obtained  as  an  amorphous 
brownish  substance,  soluble  in  alkalies,  alcohol,  benzene,  chloroform  and  ether,  and  insoluble  in  water  and  acids. 

Found  %:  C  68.53,  68.41;  H  5.27,  5.40;  N  9.46,  9.37.  C17H16O3N2.  Calculated  %:  C  68.92;  H  5.44; 

N  9.46. 

4-Ethoxymethyl-l,2-diphenyl-3,5-dioxopyrazolidine.  Obtained  in  the  same  manner  as  the  preceding  from 
10.9  g  of  ethoxymethylmalonic  ester,  b.  p.  115-120”  (10  mm),  and  9.2  g  of  hydrazobenzene  in  the  presence  of 
1.4  g  of  sodium  metal  in  40  ml  of  anhydrous  alcohol.  Yield  7.8  g  (50%),  m.  p.  55-60”  (with  decomp.).  The 
compound  was  obtained  as  an  amorphous  substance  with  properties  close  to  those  of  the  4-methoxy  analog. 

Found  %:  C  69.42,  69.85;  H  5.62,  5.62;  N  9.50,  9.75.  Ci8Hi803N2.  Calculated  %:  C  69.68;  H  5.81; 

N  9.03. 

4-Methyl -4-A^-cyclohexenyl-l,2-diphenyl-3,5-dioxopyrazolidine.  To  a  solution  of  3.22  g  of  sodium  metal 
in  60  ml  of  anhydrous  alcohol  was  added  with  constant  stirring  32.2  g  of  methyl-A*-cyclohexenylmalonic  ester 
and  23.18  g  of  hydrazobenzene.  The  reaction  was  mn  under  the  conditions  described  for  the  synthesis  of  4-n- 
butyl-l,2-diphenyl-3,5-dioxopyrazolidine.  Yield  1.1  g  (3%),  m.  p.  134-136”.  The  compound  was  obtained  as 
white  crystals,  insoluble  in  water,  acids  and  alkalies,  and  soluble  in  ether,  alcohol  and  chloroform. 

Found  %:  C  76.67,  76.87;  H  6.33,  6.30;  N  9.34,  9.18.  C22H2i02N2.  Calculated  %:  C  76.30;  H  6.36; 

N  8.09. 

4-Ethyl-4-A^-cyclohexenyl-l,2-diphenyl-3,5-dioxopyrazolidine.  Obtained  in  the  same  manner  as  the 
preceding  from  30  g  of  ethyl-A*-cyclohexenylmalonic  ester  and  21.15  g  of  hydrazobenzene  in  the  presence  of 
3.45  g  of  sodium  metal  and  150  ml  of  anhydrous  alcohol.  Yield  1.2  g  (3%),  m.  p.  140-141”.  The  compound  was 
obtained  as  white  crystals,  insoluble  in  water,  acids  and  alkalies,  and  soluble  in  alcohol,  ether  and  chloroform. 

Found  %;  C  76.94,  76.72;  H  6.91,  6.78;  N  8.01,  7.77.  C23H24O2N2.  Calculated  %;  C  76.67;  H  6.67; 

N  7.78. 

4-Methyl-4“n-butyl-l ,2-diphenyl-3,5-dioxopyrazolldine.  To  a  solution  of  8.8  g  of  4-n-butyl-l,2-diphenyl- 

3.5- dloxopyrazolidine  in  200  ml  of  a  1%  alcoholic  potassium  hydroxide  solution  was  added  9  g  of  methyl  iodide. 
After  long  standing  at  20”  with  occasional  shaking  the  obtained  precipitate  was  separated,  and  the  solution  was 
concentrated  in  vacuo  to  remove  alcohol.  After  adding  water  and  ether  the  ether  layer  was  separated,  washed 
with  10%  sodium  hydroxide  solution  to  remove  unreacted  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine,  and  then 
with  water.  The  ether  solution  was  dried  over  anhydrous  sodium  sulfate,  the  ether  removed  by  evaporation,  and 
the  residue  recrystallized  from  alcohol  to  give  7.8  g  (85%)  of  substance  with  m.  p.  110-111”.  The  compound  was 
obtained  as  white  crystals,  insoluble  in  alkalies,  acids  and  water,  and  soluble  in  alcohol,  ether  and  chloroform. 

Found  %;  C  74.76,  74.46;  H  6.03,  6.05;  N  8.78,  8.79.  C2oH2202N2.  Calculated  %:  C  74.53;  H  6.84; 

N  8.68. 

4-Ethyl-4-n-butyl-l,2-diphenyl-3,5-dioxopvrazolidine.  A  solution  of  8.8  g  of  4-n-butyl-l,2-diphenyl- 

3.5- dioxopyrazolidine  in  200  ml  of  a  1%  alcoholic  potassium  hydroxide  solution  was  treated  with  10  g  of  ethyl 
iodide,  and  then  the  reaction  mixture  was  worked  up  in  the  same  manner  as  the  preceding;  we  obtained  8.2  g 
(87%)  of  substance  with  m.  p.  72-73”.  The  compound  was  obtained  as  yellowish  crystals.  Insoluble  in  water, 
alkalies  and  acids,  and  soluble  in  alcohol,  ether  and  chloroform. 
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Found  C  75.35,  75.00;  H  7.49,  7.14;  N  8.35,  8.72.  CjiHjjiOjNj.  Calculated  <7o:  C  75.00;  H  7.14; 

N  8.33. 

SUMMARY 

1.  The  reaction  of  monoalkylmalonic  esters  with  hydrazobenzene  was  studied,  in  which  connection  it  was 
found  that  satifactory  yields  (<  50<7o)  are  obtained  if  the  condensation  is  run  in  the  presence  of  sodium  metal  in 
anhydrous  alcohol  medium;  this  procedure  was  used  to  synthesize  the  following  compounds:  4-n-butyl-,  4-A*- 
cyclohexenyl-,  4-dimethylaminoethyl-,  4-diethylaminoethyl-,  4-methoxymethyl-  and  4“ethoxymethyl-l,2-di- 
phenyl-3,5-dioxopyrazolidine.  At  the  same  time  it  was  found,  contrary  to  the  patent  data,  that  4-n-butyl“l,2- 
dlphenyl-3,5-dioxopytazolidine  is  not  formed  in  any  substantial  amount  when  the  condensation  of  hydrazobenzene 
with  n-butylmalonic  ester  Is  run  in  the  presence  of  2  N  sodium  hydroxide  solution;  it  is  also  not  formed  when  the 
condensation  is  run  in  the  presence  of  sodium  hydroxide  in  anhydrous  alcohol  medium. 

2.  The  reaction  of  dlalkylmalonlc  esters  with  hydrazobenzene  in  the  presence  of  sodium  alcohclate  was 
studied,  in  which  connection  it  was  shown,  contrary  to  the  literature  data,  that  it  is  Impossible  to  form  dlalkyl 
derivatives  of  3,5-dloxopyrazolldine  using  this  method.  However,  we  did  synthesize,  although  in  small  yields 
(~  3%),  the  4-A*-cyclohexenyl-4-methyl-  and  4-A*-cyclohexenyl-4-ethyl-3,5-dioxopyrazolldines. 

3.  It  was  shown  that  the  alkylation  of  4-monosubstituted  derivatives  of  l,2-diphenyl-3,5-dloxopyrazolldine 
with  alkyl  halides  in  the  presence  of  1%  alcoholic  potassium  hydroxide  solution  gives  the  corresponding  4,4-dl- 
substituted  derivatives  of  l,2-dlphenyl-3,5-dloxopyrazolidine  In  80-90%  yields;  the  4-methyl-  and  4-ethyl-4-n- 
butyl-l,2-diphenyl-3,5-dloxopyrazolidines  were  synthesized  in  this  manner. 
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REACTION  OF  AMMONIA  AND  AMINES  WITH  OXIDES  OF  ACETYLENIC 


AND  VINYLACETYLENIC  SERIES 
NEW  METHOD  FOR  THE  PREPARATION  OF  PYRROLE  HOMOLOGS 

F.  la.  Perveev  and  E.  M.  Kuznetsova 


In  a  previous  paper  [1]  we  had  shown  that  it  is  possible  to  go  from  a-amino  alcohols  of  the  acetylenic  and 
vinylacetylenic  series  to  the  corresponding  pyrrole  derivatives.  The  objective  in  the  present  study  was  to  deter¬ 
mine  the  limits  of  application  of  this  new  method  for  the  preparation  of  pyrroles  as  a  function  of  the  structural 
traits  of  the  oxides  and  amines  used.  In  addition,  we  attempted  to  find  the  conditions  for  the  one-step  synthesis 
of  pyrroles  by  the  reaction  of  ammonia  and  amines  with  oxides  of  the  acetylenic  and  vinylacetylenic  series. 

As  starting  products  we  took  the  oxides  listed  in  Table  1.  To  develop  a  one-step  method  for  the  prepara¬ 
tion  of  pyrrole  homologs  directly  from  the  corresponding  oxides  via  their  reaction  with  ammonia  and  amines  we 
synthesized  a  number  of  previously  known  compounds  (XI,  XVI  and  XVIII)  (Table  2).  The  properties  of  these  sub¬ 
stituted  pyrroles  and  their  derivatives  (mercury  complexes,  phthalides)  failed  to  differ  from  the  literature  data. 
Then,  by  reacting  oxide  (II)  with  methylamine,  benzylamine,  ethanolamine  and  aniline  we  obtained  pyrroles 
(XII-XV).  To  prove  the  structure  of  the  simplest  of  the  synthesized  compounds  (XII)  we  subjected  it  to  hydrolysis 
in  alkaline  medium  in  the  presence  of  hydroxylamlne  hydrochloride  [2].  The  dioxime  was  isolated  as  a  result  of 

the  hydrolysis.  From  N-benzyl-2,4-dimethylpyrrole  (XIII)  we  obtained 
the  azo  dye  (A).  The  reaction  of  methylamine  with  oxide  (HI)  gave  pyr¬ 
role  (XVIII)  in  good  yield.  In  order  to  obtain  the  a-phenyl-substituted 
pyrroles  we  studied  the  reaction  of  oxide  (IV)  with  ethyl-,  benzyl-  and 
‘l'  S03Na  ethanol  amines.  The  conesponding  pyrroles  (XIX-XXI)  were  isolated.  A 

GH2G0II6  characteristic  property  of  the  a-phenylpynoles  is  their  poor  reactivity 

with  mercuric  chloride.  The  initially  formed  white  flocculent  mercury 
derivative  rapidly  assumes  various  bright  colors  on  standing  in  the  air. 

It  seemed  of  interest  to  synthesize  a  pyrrole  with  a  cyclohexene  ring  in  the  a-position,  since  such  compounds 
are  not  described  in  the  literature,  and  can  hardly  be  obtained  by  any  other  method  in  one  step.  This  synthesis  was 
accomplished  by  reacting  ethylamine  with  oxide  (V).  The  isolated  pyrrole  is  a  quite  unstable  liquid  that  polym¬ 
erizes  easily  and  suffers  much  tarring  even  when  distilled  under  a  high  vacuum,  leading  to  a  sharp  reduction  in  the 
yield.  We  were  unable  to  isolate  the  completely  pure  product  in  a  yield  exceeding  20-25*70.  The  mercury  deriva¬ 
tive,  the  same  as  in  the  case  of  the  a-phenyl-substituted  pyrroles,  is  formed  very  slowly. 

Of  special  interest  is  the  synthesis  of  N-ethyl-4-methyl-2-vinylpyrrole  (VI)  and  N-methyl-4-methyl-2- 
vinylpyrrole  (VII),  since  a  method  for  the  preparation  of  such  compounds  has  not  existed  up  to  now.  An  attempt 
to  obtain  vinylpyrroles  by  a  one-step  method  proved  unsuccessful,  since  the  heating  of  oxide  (I)  with  an  excess 
of  amine  leads  to  closure  of  the  pyrrole  ring  with  the  simultaneous  addition  of  the  amine  to  the  double  bond  of 
the  side  chain. 


GH,— 


-GH3 

Ln=:N  — / 


■> 


o 

/  \ 

G 1 1  2--=G  1 1 — Gz^C— G - G 1  \  2 

I 

Gil, 


RNII, 


RNHGH2GII2— I 


i-ClIa 


2397 


Boiling  poini  mr^ 

Formula  Name  (pressure  in  ”d  *^4 

mm)  found  calc 


TABLE  2  (continued) 


2400 


TABLE  2  (continued) 


2401 


Fig.  1.  Infrared  absorption  spectra.  1)  2,3,5-Trimethylpyriole:  2)  N-methyl-2,4- 
dlmethyl pyrrole;  3)  N-ethyl-4-methyl-2-phenylpyrrole;  4)  N-ethanol-2,4-dl~ 
methylpyrrole. 


The  reaction  of  ethylamlne  with  2-methyl“l,2“epoxy-5-hexen-3-yne  gave  N-ethyl-4-methyl-2-(6 -ethyl- 
aminoethyl)-pyrrole  (X).  The  order  In  which  the  ethylamine  added  to  the  side  chain  of  the  pyrrole  was  not  shown 
conclusively.  Nucleophilic  substitution  according  to  scheme  (B)  apparently  occurs  here. 

After  it  was  established  that  it  is  possible  to  add  ethylamlne  to  the  side 
chain  of  vlnylpyrroles  if  seemed  obligatory  to  determine  if  it  is  possible  to  add 
amines  with  heavier  radicals  to  the  vinyl  group.  With  this  in  mind  we  studied  the 
reaction  of  oxide  (I)  with  benzylamine.  Here  the  reaction  went  with  the  forma¬ 
tion  of  large  amounts  of  tarry  products  and  the  yield  of  the  pure  pyrrole  did  not 
exceed  25<7o. 

To  obtain  N-ethyl-4-methyl-2-vinylpyrrole  (VI)  and  N-methyl-4-metliyl-2-vinylpynole  (VII)  we  used  the 
amino  alcohols  l-ethylamino-2-methyl-2-hydroxy-5-hexen-3-yne  and  l-methylamlno-2-methyl-2-hydroxy-5- 
hexen-3-yne,  which  were  obtained  by  die  reaction  of  oxide  (I)  with  ethylamine  and  with  methylamlne  in  the  cold. 
The  indicated  alcohols  were  heated  in  sealed  tubes  in  the  presence  of  a  small  amount  of  quinoline.  After  heating 
for  6  hrs  the  corresponding  pynoles  (VI  and  VII)  were  isolated,  being  mobile  light-yellow  liquids  with  a  charac¬ 
teristic  pynole  .odor.  Insoluble  in  water  and  readible  soluble  in  organic  solvents,  forming  mercury  derivatives,  and 
giving  a  positive  reaction  with  aqueous  Se02  solution.  The  obtained  vinyl-containing  pyrroles  polymerize  on  stand¬ 
ing,  and  after  several  weeks  are  converted  to  a  brittle  glass. 

To  prove  that  a  double  bond  is  present  in  the  side  chain  of  N-ethyl-4-methyl-2-vinylpyrrole  we  subjected 
the  compound  to  hydrogenation  over  Pt-catalyst.  The  amount  of  hydrogen  absorbed  conesponded  to  the  amount 
theoretically  required  for  the  hydrogenation  of  one  double  bond.  The  product  isolated  from  the  hydrogenation  was 
N-ethyl-4-methyl-2-ethylpyrrole  (VIII),  which  gave  characteristic  pyrrole  reactions  with  SeOg  and  mercuric  chlor¬ 
ide. 


To  prove  the  structure  of  pyrrole  (VIII)  we  subjected  it  to  hydrolysis  in  alkaline  medium  in  the  presence  of 
hydroxylamine  hydrochloride,  and  here  the  corresponding  dioxime  was  isolated.  The  pyrroles  synthesized  by  us 
are  listed  in  Table  2.  To  prove  the  structure  of  the  obtained  compounds,  besides  chemical  methods  of  study,  we 
resorted  to  a  study  of  the  infrared  absorption  spectra  of  compounds  (V-VII),  (XII- XVII)  and  (XXIII).  For  this  we 
used  an  IKS-11  infrared  spectrometer  with  NaCl  prism,  operating  in  the  2-15  fi  region. 


Fig.  2.  Infrared  absorption  spectra.  1)  N-Methyl-2-vlnyl-4-methylpyrrole; 
2)  N-ethyl-2-vlnyl“4-methylpyrrole;  3)  N-ethyl“2-ethyl-4-methylpyrrole. 


Fig.  3.  Infrared  absorption  spectra.  1)  N-Ethyl-4-methyl-2-phenylpyrrole; 
2)  N-benzyl-2,4“dlmethylpyrrole;  3)  N-benzyl-4-methyl-2-phenylpyrrole. 


It  was  established  that  all  of  the  investigated  pyrroles  are  characterized  by  absorption  maxima  at  1530- 
1467,  1333  and  1144  cm"^,  corresponding  to  the  vibration  frequencies  of  the  pyrrole  ring;  at  768  and  712  cm"^, 
corresponding  to  the  vibration  frequencies  of  N— H  and  C— H  in  pynole;  and  at  2829  and  1492-1429  cm“^,  cone- 
sponding  to  the  vibration  frequencies  of  the  CHj  and  CH3  groups,  which  is  in  agreement  with  the  literature  data 
[3,  4].  In  contrast  to  the  alkyl-substituted  pyrroles,  the  absorption  spectrum  of  N-ethanol-2,4-dimethylpynole 
showed  an  absorption  maximum  at  3387  cm”\  corresponding  to  the  vibration  frequency  of  the  OH  group.  The  ab¬ 
sorption  spectrum  of  N-etbyl-4-methyl-(a-cyclohexenyl)  pyrrole  showed  an  absorption  band  at  910  cm"\  which 
apparently  corresponds  to  the  vibration  frequency  of  C— C  in  the  cyclohexane  skeleton;  the  vibration  frequency 
of  the  =CH  bond  in  cyclohexene  lies  in  the  same  region  (Figs.  1-3). 

In  addition,  die  absorption  spectra  of  the  vinyl -substituted  pyrroles  showed  absorption  maxima  at  1618  cm”\ 
corresponding  to  the  vibration  frequency  of  the  double  bond  in  the  side  chain,  and  at  902-894  and  982  cm"^,  cor¬ 
responding  to  the  frequency  of  the  nonplanar  deformation  vibration  of  the  =C— H  bond  in  the  vinyl  group. 
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The  pbsorptlon  spectrum  of  tfie  hydrogenated  N-ethyl-4-methyl-2-vlnylpyrrole  failed  to  show  any  absorp¬ 
tion  maxima  characteristic  for  the  vinyl  group.  The  absorption  spectra  of  the  phenylpyrroles  and  N-benzyl-2,4- 
dlmethylpyrrole  showed  absorption  maxima  at  710-690  and  770-730  cm"*,  corresponding  to  the  frequencies  of  the 
nonpolar  deformation  vibrations  of  C— H  In  a  monosubstltuted  benzene  ring,  at  1163  and  995  cm”*,  corresponding 
to  the  vibration  frequencies  of  the  benzene  ring,  and  at  1037  cm"*,  corresponding  to  the  vibration  frequency  of 
C— H  In  benzene  [3,  4],  Consequently,  the  results  of  the  spectroscopic  studies  completely  confirm  the  chemical 
data  obtained  relative  to  the  structure  of  the  synthesized  pyrroles. 

On  the  basis  of  our  study  we  came  to  the  following  conclusions.  The  reactivity  of  oxides  of  the  acetylenic 
series  depends  on  the  nature  of  the  substituent  replacing  the  acetylenic  hydrogen  In  the  system 

O 

/  \ 

R— C=G— C - GII-R' 

I 

R" 

In  the  order  of  diminishing  Influence  on  the  reactivity  of  oxides  the  substituents  R  can  be  arranged  as  follows: 
CHj=CH  >  C5H5  >  alkyl  >  H. 

From  the  literature  It  Is  known  that  ethylene  oxide  reacts  with  ammonia  and  amines  much  more  rapidly 
than  do  Its  homologs,  while  the  reactivity  of  oxides  of  the  acetylenic  series  is  somewhat  greater  than  that  of  their 
saturated  structural  analogs.  Thus,  for  example,  the  reaction  of  2-methyl-l,2-epoxy-3-pentyne  with  30%  aqueous 
ammonia  solution  In  the  cold  went  to  the  extent  of  30%  In  3  days;  at  the  same  time  the  saturated  oxide  of  similar 
structure  (2-methyl-l, 2-epoxypentane)  reacted  under  the  same  conditions  to  the  extent  of  only  10-12%. 

The  opening  of  the  oxide  ring  Is  a  reaction  of  nucleophilic  substitution  on  the  carbon.  In  which  connection 
the  group  being  replaced  is  the  oxygen  atom  of  the  oxide  [5].  The  greater  reactivity  shown  by  ethylene  oxide 
toward  ammonia  and  amines  when  compared  with  its  homologs  is  explained  by  Its  lack  of  substituents,  which  do¬ 
nate  electrons  to  the  carbon  atoms  of  the  ring.  The  introduction  of  electron-donor  substituents  leads  to  decreasing 
the  reactivity  of  die  oxide  ring  toward  nucleophilic  reagents  (when  the  ring  Is  opened  under  conditions  of  alkaline 
catalysis).  An  increased  reactivity  of  oxides  of  the  acetylenic  series  when  compared  with  homologs  of  ethylene 
oxide  is  apparently  due  to  their  greater  ease  of  polarization,  which  facilitates  the  approach  of  a  nucleophilic  rea¬ 
gent  of  the  type  of  ammonia  and  amines  to  the  reaction  center. 

Replacement  of  an  alkyl  radical  In  oxides  of  the  acetylenic  series  by  a  vinyl  group  increases  the  polariza¬ 
bility  of  the  molecule,  and  this  explains  the  Increase  in  its  reactivity  when  compared  with  oxides  of  the  acetylenic 
series. 


The  same  as  In  the  case  of  unsymmetrlcal  ethylene  oxide  homologs,  the  addition  of  ammonia,  methyl-, 
ethyl-  and  benzylamines,  ethanolamlne  and  aniline  to  oxides  of  the  acetylenic  and  vinylacetylenic  series  pro¬ 
ceeds  by  the  Krasuskli  rule,  l.  e.,  the  oxide  ring  Is  opened  at  the  most  highly  hydrogenated  carbon  atom,  ftoof 
of  this  is  the  fact  that  the  reaction  of  ammonia  and  amines  with  the  indicated  oxides  leads  to  the  formation  of 
pyrroles,  the  synthesis  of  which  can  be  depicted  by  either  scheme  (B)  or  (C)  (see  diagram  on  following  page). 

Such  an  order  for  the  opening  of  an  oxide  ring  Is  explained  more  by  the  electron  structure  of  the  molecule 
than  by  sterlc  factors.  It  Is  known  that  the  Induction  effect,  spreading  along  a  chain,  gradually  dies  out.  Conse¬ 
quently,  It  Is  natural  for  the  carbon  atom  linked  to  a  greater  number  of  electron-donor  groups  to  have  a  higher 
electron  density  tfian  the  adjacent  carbon  atom.  From  this  It  Is  clear  that  attack  by  a  nucleophilic  reagent  will 
be  directed  first  toward  the  carbon  atom  with  the  smaller  electron  density. 

If  a  strong  electron-acceptor  substituent  Is  present  on  a  carbon  atom  of  the  oxide  ring  the  order  In  which 
ammonia  and  amines  add  will  be  the  reverse  of  the  above,  and  depending  on  the  strength  of  the  substituent,  either 
a  mixture  of  isomers,  as  In  the  case  of  styrene  oxide  [6],  or  individual  products  of  the  reverse  order  of  substitution, 
as  In  the  case  of  glycldic  acids  [5],  will  be  formed  as  the  result  of  cleavage  of  the  oxide  ring. 
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R— G=C— C(OH )— CH(N  n  R")-R' 
I 

dig 


EXPERIMENTAL 

The  method  for  the  one-step  preparation  of  pynoles  from  oxides  of  the  acetylenic  series  is  an  extremely 
simple  one.  It  consists  in  heating  the  proper  oxide  and  amine  in  a  sealed  tube  on  a  boiling  water  bath,  followed 
by  separation  of  the  water  layer,  and  then  fractional  distillation  of  the  isolated  substance  in  vacuo  (the  experi¬ 
mental  data  are  given  in  Table  3).  Most  of  the  obtained  pynoles  are  colorless  liquids  with  a  chloroform  odor, 
turning  yellow  on  storage.  They  give  a  positive  test  with  SeOj,  mercuric  chloride  and  Ehrlich  reagent  [7], 

The  mercury  derivative  of  (XI)  is  white,  and  melts  with  decomposition  at  135-137“  (literature  [8];  m.  p. 
136”).  The  mercury  derivative  of  (XVI)  had  m.  p.  109-110“.  Long  heating  of  (XI)  with  phthalic  anhydride  in 
acetic  acid  at  180-190“  gave  a  crystalline  yellow  phthalide.  M.  p.  170-171“  (literature  [9]:  m.  p.  170*).  The 
mixed  melting  point  with  authentic  2, 4-dimethyl  pyrrole  phthalide  was  not  depressed.  Substance  (XI)  gave  a  posi¬ 
tive  Ehrlich  test.  We  also  prepared  the  picrate  of  (XI)  witli  m.  p,  90.5-91.5“  (literature  [10]:  91-92“).  Substance 
(XVI)  did  not  form  a  picrate;  also  its  test  with  Ehrlich  reagent  was  negative.  Pyrroles  (XIII)  and  (XIV)  show  a 
slight  fluorescence. 

Hydrogenation  of  N-ethyl-4-methyl-2-vinylpyrrole.  The  hydrogenation  was  run  over  platinum  catalyst  in 
anhydrous  alcohol  solution.  The  amount  of  hydrogen  consumed  for  4  g  of  the  compound  was  760  ml  (16.5“,  732.8 
mm),  or  684  ml  of  Hj  at  0“  and  766  mm;  the  theoretical  amount  for  the  hydrogenation  of  one  double  bond  is 
664  ml  of  H^.  The  hydrogenation  product  was  dried  over  fused  K2CO3,  the  alcohol  distilled  off,  and  the  compound 
fractionally  distilled  in  vacuo.  We  isolated  2.8  g  of  N-ethyl-4-methyl-2-ethylpyrrole,  which  gave  characteristic 
pyrrole  reactions  with  aqueous  SeOj  solution  and  with  mercuric  chloride. 

Found  %:  N  10.15,  10.29.  CgHjgN.  Calculated  %:  N  10.21. 

Hydrolysis  of  N-ethyl-4-methyl-2-ethylpyrrole  (VIII).  A  mixture  of  2  g  of  (VIII),  2.55  g  of  NH/)H  •  HCl, 
1.95  g  of  NajjC03  and  20  g  of  98%  alcohol  was  heated  for  10  hrs  on  the  boiling  water  bath.  The  soda  was  filtered, 
and  the  alcohol  was  distilled  off  to  a  volume  of  3  ml.  The  alcohol  solution  on  cooling  deposited  a  white  crystal¬ 
line  precipitate  of  the  dioxime,  which  was  recrystallized  ftom  alcohol. 

Found  %:  N  15.16, 15.10.  CtHj^O^Nj.  Calculated  %:  N  15.05. 

Hydrolysis  of  N-methyl-2,4-dimethylpyrrole  (XII).  A  mixture  of  4  g  of  (XII),  5.1  g  of  NHjOH .  HCl,  3.89  g 
of  Na2C03  and  40  g  of  98%  alcohol  was  heated  for  11  hrs  on  the  boiling  water  bath  in  a  round-bottomed  flask  fitted 
with  a  reflux  condenser.  The  soda  was  filtered,  and  then  the  alcohol  was  distilled  off  to  a  volume  of  5  ml.  The 
alcohol  solution  on  cooling  deposited  a  white  crystalline  precipitate  of  the  dioxime,  which  after  recrystallization 
from  alcohol  had  m.  p.  96-97“. 
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TABLE  3 


(U 

o 

is  t 

Amount  of  starting 
material 

time 

Empirical 

formula 

Nitrogen  con¬ 
tent  (in  %) 

Amount  of 
active  H 

No.  of  ol 
tained  py 

oxide 

amine 

C4r 

XXrs 

Sc 

!  as 

s 

?! 

calc. 

found 

calc . 

found 

(IX) 

10g(I) 

23  g of benzyl - 
amine 

25 

C21II21N2 

9.19 

9.04,  9.15 

— 

— 

(X) 

15g(I) 

16  g  of  ethyl- 
amine 

6 

68 

C]iH2nN2 

15.55 

15.50, 15.62 

— 

— 

(XF) 

lOg  (II) 

25  g  of  22<7o 
alcoholic 
ammonia 
solution 

10 

59 

CellflN 

14.79 

14.44, 14.65 

1 

0.98,  0.98 

(XII) 

lOg  (II) 

15gofmethyl- 

amine 

18 

90 

C7H„N 

12.82 

12.49,  12.70 

— 

— 

(XTII) 

lOg  (II) 

15gofbenzyl- 

amlne 

1 

'70 

CisIIisN 

756 

7.78,  7.62 

— 

(XFV) 

lOg(II) 

lOgof  ethanol- 
amine 

15 

70 

GsIIigON 

10.06 

10.25,  9.98 

1 

1.07,  1.01 

(XV) 

lOg(lI) 

20  g  of  aniline 

17 

63 

8.18 

8.30,  8.25 

— 

— 

(VI) 

14  g 

1- ethylamino- 

2- methyl-2- 
hydroxy-5- 
hexen-3-yne 
and  1  g  oT 
quinoline 

6 

55 

Cgll.sN 

10..37 

10.30,  10.40 

(XVJ) 

10  g(III) 

27  g  of  22^0 
alcoholic 
.ammonia 
solution 

9 

64 

C.H„N 

12.83 

12.64,  12.74 

1 

0.97,  1.06 

(XVII) 

lOg(IIl) 

£  g  of  methyl- 
amine 

9 

62 

11.37 

1 1.43, 11.13 

1 

- 

— 

(XVIII) 

5g(IV) 

20  g  of  20% 
alcoholic 
ammonia 
solution 

10 

50 

CuTInN 

8.90 

8.73,8.75 

1 

1.01, 1.01 

(XIX) 

5g  (IV) 

3  gofethyl- 
'  amine 

10 

70 

C,.,H,5N 

7.55 

7.44,  7.61 

— 

— 

(XX) 

5g(IV) 

7  g  0  f  benzyl - 
amine 

10 

75 

C,„H,7N 

5.66 

6.78,  5.58 

— 

— 

(XXI) 

7g  (IV) 

5  g  of  ethartol- 
amine 

10 

70 

r,,3n,50N 

6.95 

7.10,  6.90 

1 

1.02, 1.01 

(XXII) 

l()g(V) 

6g<rf  ethyl- 
amine 

6 

20 

f'lsNioN 

7.35 

2.22,  7.29 

— 

— 

(XXIII) 

13  g 

l-mcthyl- 
amino-2- 
methyl-2~ 
hydroxy-5- 
hexen-3-yne 
and  0.5  ml 
of  quinoline 

6 

75 

CsH„N 

1 1 .55 

11.32,11.45 

Note.  For  the  structural  formulas  see  Table  2. 
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Found  %:  N  19.61,  19.68.  CgHjeOgNj.  Calculated  N  19.44. 

Preparation  of  azo  dye  from  N~benzyl-2,4-dlmethylpyrrole.  The  diazotlzatlon  and  azo-coupllng  were  run 
in  conventional  manner  (starting  with  2  g  of  sulfanillc  acid)  [9].  The  obtained  red-yellow  azo  dye  was  recrystal- 
llzed  twice  from  water. 

Found  %:  N  11.21,  10.85.  Ci9Hig03N3Na.  Calculated  %:  N  10.76. 

SUMMARY 

1.  The  one-step  synthesis  of  pyrroles  by  the  reaction  of  ammonia  and  amines  with  oxides  of  the  acetylenic 
and  vinyl  acetylenic  series  was  accomplished.  The  following  compounds  were  obtained  with  this  method:  N-ethyl- 
4-methyl-2-vlnylpyrrole,  N-methyl-4-methyl-2-vlnylpyrrole,  N-ethyl-4-methyl-2-ethylpyrrole,  N-ethyl-4- 
methyl-2-(  6  -ethylamlnoethyl)  pyrrole,  N-benzyl-4-methyl-2-(0  -benzylamlnoethyl)  pyrrole,  2,4-dlmethylpyr- 
role,  N-methyl-2,4-dlmethylpyrrole,  N-benzyl-2,4-dlmethylpyrrole,  N-ethanol-2,4-dlmethylpyrrole,  N-phenyl- 
2,4-dlmethylpyrrole,  2,3,5-trlmethylpyrrole,  N-methyl-2,3,5-trimethylpynole,  4-methyl-2-phenylpyrrole, 
N-ethyl-4-methyl-2-phenylpyrrole,  N-benzyl-4-methyl-2-phenylpyrrole,  N-ethanol-4-methyl-2-phenylpyrrole, 
and  N-ethyl-4-methyl-2-(a-cyclohexenyl)  pyrrole.  Of  the  enumerated  compounds  14  are  new. 

2.  It  was  established  for  the  first  time  that  amines  readily  add  to  the  double  bond  found  In  the  side  chains 
of  avlnylpyrrole. 
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TETRAACYLOXYSILANES  IN  ORGANIC  SYNTHESIS 


XVII.  ACYLATION  OF  BENZENE  WITH  THE  SILICOANHYDRIDES  OF  ACETIC,  MONO-, 
DI-  AND  TRICHLOROACETIC  AND  6 -BROMO PROPIONIC  ACIDS 

lu.  K.  lur’ev,  Z.  V,  Beliakova,  and  V.  P.  Volkov 


Two  of  us  had  described  In  previous  papers  the  use  of  slllcoanhydrldes  of  monobasic  and  dibasic  organic 
acids  as  convenient  acylatlng  agents  In  the  Gustavson-Frledel -Crafts  reaction  for  the  respective  preparation  of 
ketones  [1]  and  keto  acids  [2]  of  the  benzene,  thiophene  and  selenophene  series.  In  connection  with  this  It  seemed 
of  Interest  to  determine  the  possibility  of  acylatlng  the  benzene  and  thiophene  nuclei  with  the  slllcoanhydrldes  of 
(j-halo -substituted  acids,  and  on  the  example  of  a-  and  S-halo  acids  to  establish  the  relationship  between  the 
reaction  course  and  the  position  and  number  of  halogen  atoms  In  the  acid.  With  this  In  mind  we  reacted  silicon 
tetrachloride  In  benzene  medium  with  acetic,  mono-,  dl-  and  trichloroacetic  acids,  and  also  with  0-bromopro- 
plonlc  acid,  and  used  the  obtained  slllcoanhydrldes  to  acylate  benzene  In  the  presence  of  anhydrous  aluminum 
chloride. 

The  acylation  of  benzene  with  the  acid  chlorides  of  mono-,  dl-  and  trichloroacetic  acids,  and  also  ofS- 
bro  mo  propionic  acid,  is  described  In  the  literature.  Thus,  Rothsteln  and  Savllle  [3]  acylated  benzene  with  chloro- 
acetyl  chloride  and  obtained  chloroacetophenone  In  87  %  yield;  using  dlchloroacetyl  chloride  Gautier  [4]  obtained 
dlchloroacetophenone;  using  trlchloroacetyl  chloride  Blitz  [5]  obtained  trlchloroacetophenone  (50%).  According 
to  Delacre  [6],  when  the  last  reaction  Is  run  In  excess  benzene  the  product  obtained  is  dlphenylacetophenone  — 
the  alkylation  product  of  two  molecules  of  benzene  with  trlchloroacetophenone. 

Foreman  and  McElvain  [7]  obtained  6 -bromopropiophenone  in  93%  yield  when  they  acylated  benzene  with 
0 -bromopropionyl  chloride  in  carbon  disulfide  medium. 

In  seeking  the  optimum  conditions  for  the  acylation  of  benzene  witli  tetraacyloxysilanes  we  Improved  on 
the  method  for  the  acylation  with  sillcoacetlc  anhydride  and  found  that  the  yield  of  acetophenone  could  reach 
80%  if  the  mole  ratio  of  aluminum  chloride  to  acid,  taken  to  obtain  the  slllcoanhydrlde,  was  equal  to  2:1,  whereas 
with  a  1.3  :1  ratio  [8]  the  yield  of  acetophone  Is  47%. 

Ln  the  present  study  we  established  that  chloroacetic  acid,  reacting  with  silicon  tetrachloride,  forms  slllco- 
chloroacetic  anhydride,  which  wuen  used  to  acylate  benzene  leads  to  the  formation  of  chloroacetophenone  In  45% 
yield  when  the  AICI3:  ClCHj  ratio  =  2:1,  and  a  34%  yield  when  the  ratio  =  1:1. 

When  benzene  was  acylated  with  silicodichloroacetic  anhydride  we  obtained  cj,(J-dlchloroacetophenone  In 
25%  yield. 


4CI2GHCOOH +SiCl4  — %  Si(OCOCHGi2)4  f4HGl 
4G6H„  +  Si(OGOGHGl2)4  — ^  4G6n5GOGlIGl2  +  Si(OH)4 


When  benzene  was  acylated  with  sllico trichloroacetic  anhydride  we  obtained,  instead  of  the  expected  trl¬ 
chloroacetophenone  or  dlphenylacetophenone,  a  small  amount  of  p-benzhydryldiphenyl.  It  is  possible  to  explain 
die  formation  of  the  latter  by  the  alkylation  of  benzene  with  sllicotrichloroacetic  anhydride,  which  led  to  the 
formation  of  die  slllcoanhydrlde  of  trlphenylacetic  acid.  One  of  the  benzene  rings  of  the  trlphenylacetic  slllco- 
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anhydride  formed  in  this  manner  then  condenses  (under  the  influence  of  aluminum  chloride)  with  benzene,  giving 
the  silicoanhydride  of  biphenyldiphenylacetic  acid,  which  on  hydrolysis  gives  the  acid  itself.  The  biphenyldiphenyl- 
acetic  acid  suffers  decarboxylation  when  distilled,  and  this  yields  p-benzhydryldiphenyl. 


4CCI3GOOH +  SiCl4  — ►  Si(OGOCCl3)4  +  4HCl 

C0H5 


Si(OGOGGl3)4  SilOGOG(GoIl6)3J4  Si 


r 

0GOG-G6H4-G6H5 

Nr-!!. 


4H,0 


•6\ 


4G0H5G6II4-G-GOOH  — ^  4G8H5G6lf4-GlI 

CeHs'^  ^GgHs 


We  determined  the  extent  to  which  the  silicoanhydrides  of  the  chloroacetic  acids  were  formed  by  the  amount 
of  hydrogen  chloride  evolved,  and  found  that  in  benzene  medium  they  are  formed  in  nearly  quantitative  yield. 

Consequently,  the  results  obtained  in  the  acylation  of  benzene  with  the  silicoanhydrides  of  acetic,  mono-, 
di-  and  trichloroacetic  acids  permit  stating  the  following  rule  as  regards  their  behavior  in  the  Gustavson-Friedel- 
Crafts  reaction:  the  stronger  the  acid  contained  in  the  silicoanhydride,  the  greater  is  the  stability  of  the  latter  and 
the  weaker  is  its  acylating  capacity. 

This  rule  is  also  supported  by  the  fact  that  the  acylation  of  thiophene  with  silicochloroacetlc  anhydride, 
which  we  attempted  to  run  in  the  presence  of  anhydrous  stannic  chloride,  did  not  go  at  all,  whereas  when  the  acyla¬ 
tion  was  run  with  silicoacetic  anhydride  under  the  same  conditions  we  obtained  acetothienone  in  94%  yield  [1]. 

The  acylation  of  benzene  with  the  silicoanhydride  of  0 -bromopropionic  acid,  using  a  molar  ratio  of  AlCl3^ 

:  BrCHjCHjCOOH  =  2:1,  gave  higher  yields  of  the  reaction  products,  reaching  90%.  However,  even  when  the  re¬ 
action  mass  was  decomposed  with  a  mixture  of  ice  and  concentrated  hydrochloric  acid  we  obtained  only  0-hydroxy- 
propiophenone  (57%),  being  the  hydrolysis  product  of  the  0 -bromopropiophenone  formed  in  the  reaction,  and  0- 
phenylpropiophenone  (33%),  the  latter  being  the  product  of  the  alkylation  of  benzene  with  the  0 -bromopropio¬ 
phenone  formed  during  the  reaction 


4G8no  +  Si(OGOGIl2Gll2Br)4  —  4GuH5GOGFl2Gn2Br  +  Si  (011)4 

GyilsGOGHaGIIgBr  GellsGOGIIaGIIoOII 

AlCI, 

GeilsGOGHaGHaBr  +  GgllG - ^  GollsGOGUgGHaGeHs  +  HBr 


When  the  above  reaction  was  tun  under  the  same  conditions,  but  with  the  AICI3:  BrCHjCHjCOOH  ratio  =  1:1, 
we  obtained  0 -bromopropiophenone  in  70%  yield. 

When  the  acylation  was  run  in  nitrobenzene  medium  we  obtained  only  0  -hydroxypropiophenone  (34%). 

In  the  distillation  of  0 -hydroxypropiophenone  there  occurred  not  only  cleavage  of  water  with  the  formation 
of  vinyl  phenyl  ketone  [9],  but  also  polymerization  with  the  formation  of  a  crystalline  substance,  which  proved  to 
be  a  dimer  in  which  two  molecules  of  0  -hydroxypropiophenone  are  apparently  connected  to  each  other  through 
two  hydrogen  bonds. 

Gglls— G— GH2— GH2— OH 

2G„Hr,GOGH2GH20H - ►  O  6 

HO-GHa-GHa-C-GeHs 
EX  PERIM  ENT  AL 

Acylation  of  benzene  with  silicoacetic  anhydride.  Silicoacetic  anhydride  was  obtained  by  the  general  me¬ 
thod,  described  earlier  [1],  from  6  g  (0.1  mole)  of  acetic  acid  and  5  g  (0.03  mole)  of  silicon  tetrachloride  in  150 
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ml  of  dry  benzene.  Then  26.7  g  (0.2  mole)  of  anhydrous  aluminum  chloride  was  added  In  20  min  at  20"  and  the 
mixture  heated  for  5  hrs  on  the  water  bath,  with  gradual  elevation  of  the  temperature  (the  last  30  min  on  a  boiling 
water  bath).  The  mixture  was  cooled  and  poured  with  stinlng  over  250  g  of  ice.  The  benzene  was  steam-distilled, 
while  the  acetophenone  was  distilled  with  superheated  steam.  After  separating  the  benzene  layer  the  water  layer 
was  extracted  with  ether.  The  extracts  were  combined  and  dried  over  calcium  chloride.  After  distilling  off  the 
ether  and  benzene  the  residue  was  distilled.  We  obtained  9.7  g  (80<yo)  of  acetophenone:  b.  p.  71-72"  (7  mm); 
m.  p.  19.5-20". 

Literature  data:  m.  p.  20"  [10]. 

Acylation  of  benzene  with  silicochloroacetic  anhydride.  When  9.5  g  (0.1  mole)  of  chloroacetlc  acid  was 
reacted  witli  5  g  (0.03  mole)  of  silicon  tetrachloride  in  150  ml  of  dry  benzene  the  amount  of  hydrogen  chloride 
evolved  was  3.5  g  (0.095  mole  or  95%).  Then  26.7  g  (0.2  mole)  of  anhydrous  aluminum  chloride  was  added  in 
small  portions  over  a  period  of  3  hrs  at  2C",  and  the  mixture  heated  as  indicated  above.  The  chloroacetophenone 
after  distillation  with  superheated  steam  was  extracted  with  benzene  and  dried  over  calcium  chloride.  After 
distilling  off  the  benzene  the  residue  was  distilled.  We  obtained  7  g  (45%)  of  chloroacetophenone  with  b.  p.  101.5- 
102.5"  (5  mm)  and  m.  p.  57-57.5"  (from  alcohol).  Semlcarbazone:  m.  p.  155-156"  (from  alcohol). 

With  a  mole  ratio  of  AICI3;  ClCHjCOOH  =  1: 1,  the  reaction  of  19  g  of  chloroacetlc  acid  and  10  g  of  silicon 
tetrachloride  in  250  ml  of  dry  benzene  with  29.5  g  of  aluminum  chloride  gave  10.5  g  (34%)  of  chloroacetophenone 
with  m.  p.  57-57.5"  (from  alcohol). 

Both  of  the  above  preparations  when  mixed  with  authentic  chloroacetophenone  failed  to  depress  the  melting 

point. 

Literature  data:  m.  p.  57-58"  [11];  m.  p.  56"  [12].  Semlcarbazone:  m.  p.  156"  [13]. 

Acylation  of  benzene  with  silicodichloroacetic  anhydride.  This  acylation  was  run  in  the  same  manner  as 
the  acylation  with  sillcoacetic  anhydride.  The  reaction  of  12.  9  g  (0.1  mole)  of  dichloroacetic  acid  with  5  g 
(0.03  mole)  of  silicon  tetrachloride  in  150  ml  of  dry  benzene  resulted  in  the  evolution  of  3.62  g  (99%)  of  hydro¬ 
gen  chloride.  Then  26.7  g  (0.2  mole)  of  anhydrous  aluminum  chloride  was  added,  the  mixture  heated  as  already 
described,  the  reaction  mass  decomposed  with  ice  and  concentrated  hydrochloric  acid,  then  filtered  (suction-filtra¬ 
tion  through  cotton  cloth),  and  the  reaction  products  isolated  (by  distillation)  from  the  benzene  solution  and  the 
ether  extract  of  the  precipitate.  We  obtained:  a)  5.9  g  (46%)  of  dichloroacetic  acid,  and  b)  4.75  g  (25%)  of 
cu  ,0; -d  ichloro  aceto  phenone . 

B.  p.  80-82"  (2  mm),  n^D  1.5618,  d^®*  1.3392,  MRp  45.78.  CgHgOCl^a.  Calculated  45.29.  Found  %: 

Cl  37.55  ,  37.29.  CgHgOClj.  Calculated  %:  Cl  37.50.  Literature- data  [4]:  b.  p.  143“  (25  mm),  d“  1.340. 

With  a  mole  ratio  of  AICI3:  CljCHCOOH  =  1:1,  the  reaction  of  12.9  g  of  dichloroacetic  acid  and  5  g  of 
silicon  tetrachloride  in  150  ml  of  dry  benzene  with  15  g  (0.11  mole)  of  aluminum  chloride  gave:  a)  6.5  g  (50%) 
of  dichloroacetic  acid,  and  b)  4.6  g  (24.0%)  of  cu.u-dichloroacetophenone  with  b.  p.  80-82"  (2  mm),  and  n*®D 

l. 5618. 

The  acylation  of  benzene  with  silico trichloroacetic  anhydride  was  run  in  the  same  manner  as  already  de¬ 
scribed  for  acylation  with  silicoacetic  anhydride.  The  reaction  of  16.4  g  (0.1  mole)  of  trichloroacetic  acid  with 
5  g  (0.03  mole)  of  silicon  tetrachloride  in  150  ml  of  dry  benzene  resulted  in  the  evolution  of  3.3  g  (90%)  of  hydro¬ 
gen  chloride.  Then  15  g  (0.11  mole)  of  anhydrous  aluminum  chloride  was  added,  the  mixture  heated  as  usual, 
the  reaction  mass  decomposed  with  ice  and  concentrated  hydrochloric  acid,  then  filtered  (suction-filtration  through 
cotton  clotfi),  and  the  reaction  products  isolated  (by  distillation)  from  the  benzene  solution  and  the  ether  extract 
of  the  {xecipitate.  We  obtained:  a)  7.36  g  (45.0%)  of  trichloroacetic  acid,  and  b)  1.6  g  (5%)  of  p-benzylhydryl- 
diphenyl  with  m.  p.  113-114"  (from  alcohol). 

Found  %:  C  93.67,  93.58;  H  6.39,  6.44.  C^Hjo.  Calculated  %:  C  93.71;  H  6.29.  Literature  data  [14]: 

m.  p.  112-113". 

The  residue  in  the  distillation  flask  was  treated  with  caustic  solution,  filterec^  and  the  filtrate  extracted  with 
ether.  The  alkaline  solution  was  acidified,  and  the  obtained  precipitate,  being  biphenyldiphenylacetic  acid  (0.1  g), 
was  filtered.  The  compound  had  m.  p.  218-220".  Literature  data  [15]:  m.  p.  220-222". 
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Acylation  of  benzene  with  the  silicoanhydride  of  d -bromo propionic  acid.  1)  The  synthesis  was  run  in  the 
same  manner  as  in  the  acylation  with  silicoacetic  anhydride.  For  reaction  we  took  150  ml  of  dry  benzene,  15.3  g 
(0.1  mole)  of  8  -bromopropionic  acid,  5  g  (0.03  mole)  of  silicon  tetrachloride  and  26.7  g  (0.2  mole)  of  anhydrous 
aluminum  chloride.  The  reaction  mass  after  decomposition  with  ice  and  concentrated  hydrochloric  acid  was  fil¬ 
tered  (suction-filtration  through  cotton  cloth),  and  the  reaction  products  were  isolated  (by  distillation)  from  the 
benzene  solution  and  the  ether  extract  of  the  precipitate. 

We  obtained:  a)  6.9  g(33<>f?))  of  0 -phenylproplophenone:  b.  p.  154-156“  (4  mm);  m.  p.  71.5-72“. 

Found  %:  C  85.84,  86.07;  H  6.77,  6.86.  C15H14O.  Calculated  <7o:  C  85.71;  H  6.67. 

The  semicarbazone  of  0 -phenylproplophenone  had  m.  p.  143-143.5“  (from  alcohol). 

Found  <7o:  N  16.00,  16.03.  CjeH^ONg.  Calculated  %:  N  15.72. 

The  2,4-dlnitrophenylhydrazone  of  0 -phenylproplophenone  had  m.  p.  182-183"  (from  ethyl  acetate). 

Found  <^0-.  N  14.28,  14.33.  C2iHig04N4.  Calculated  <7o;  N  14.35.  Literature  data:  m.  p.  72-73“  [16]; 
semicarbazone:  m.  p.  143“  [17];  2,4-dinitrophenylhydrazone:  m.  p.  166“  [18]. 

b)  We  also  obtained  8.55  g  (57%)  of  0 -hydroxypropiophenone. 

B.  p.  120-124“  (4  mm),  n^°D  1.5365,  1.1078,  MRp  42.31.  CgHjoOj  fg.  Calculated:  41.69.  Literature 

data:  b.  p.  143-144“  (20  mm)  [9],  n^  1.5332,  d4“  1.0983,  MRp  42.43  [19]. 

Water  was  cleaved  when  0 -hydroxypropiophenone  was  reacted  with  semicaxbazide  [9]  and  vinyl  phenyl 
ketone  was  formed,  as  a  result  of  which  the  corresponding  semicarbazone  was  obtained  with  m.  p.  227-227.5“ 
(with  decomp.)  (from  butyl  alcohol). 

Found  %:  C  63.16,  63.01;  H  5.82,  5.77;  N  21.74,  21.89.  CioHjPNg.  Calculated  %:  C  63.46;  H  5.86; 

N  22.20. 

Redistillation  of  the  0  -hydroxypropiophenone  also  resulted  in  the  cleavage  of  water  and  the  resulting  sub¬ 
stance  (b.  p.  88-89“  at  9  mm)  when  reacted  with  bromine  in  carbon  disulfide  gave  a  dibromide  with  m.  p.  57- 
57.5“  (from  petroleum  ether),  being  a,0 -dibromoethyl  phenyl  ketone. 

Found  %:  Cr  54.69,  54.59.  C9HpBr2.  Calculated  %:  Br  54.74.  Literature  data:  vinyl  phenyl  ketone, 
b.  p.  111-112“  [9];  dibromide,  m.  p.  53.5-54“  [20];  m.  p.  58“  [21]. 

The  major  portion  of  the  0 -hydroxypropiophenone  formed  a  dimer,  which  was  obtained  as  white  crystals 
with  m.  p.  48.5-49“  (from  petroleum  ether). 

Found  %:  C  71.62,  71.63;  H  6.88,  6.97.  M  297,  308  (cryoscopically  in  benzene).  CigH2(P4.  Calculated 
%:  C  71.96;  H  6.71.  M  300. 

2)  For  reaction  we  took  150  ml  of  dry  benzene,  20  g  (0.13  mole)  of  0 -bromopropionic  acid,  7.5  g  (0.04 
mole)  of  silicon  tetrachloride  and  20  g  (0.15  mole)  of  anhydrous  aluminum  chloride.  We  obtained  19.5  g(70%) 
of  0 -bromoproplophenone  with  m.  p.  59-60“  (from  petroleum  ether). 

Found  %:  Br  37.43.  CgHgOBr.  Calculated  %:  Br  37.55.  Literature  data:  m.  p.  59-60*  [22];  m.  p.  58-59“ 

[7]. 

3)  From  15.3  g  of  0 -bromopropionic  acid,  5  g  of  silicon  tetrachloride  and  7.8  g  of  dry  benzene  in  150  ml 
of  dry  nitrobenzene,  in  the  presence  of  26.7  g  of  aluminum  chloride,  we  obtained  5  g  (34%)  of  0  -hydroxypropio¬ 
phenone;  b.  p.  128-133“  (12  mm),  n^D  1.5359. 


SUMMARY 

1.  Based  on  the  acylation  of  benzene  with  the  sllicoanhydrides  of  acetic,  chloroacetlc,  dlchloro acetic  and 
trichloroacetic  acids  in  the  presence  of  anhydrous  aluminum  chloride  it  was  established  that  the  stronger  the  acid 
forming  the  silicoanhydride,  the  greater  the  stability  of  the  latter  and  the  weaker  its  acylatlng  capacity. 

2.  The  acylation  of  benzene  with  silico-0 -bromopropionic  anhydride  gave  0 -bromoproplophenone  in  good 

yield. 
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3.  When  the  acylation  of  benzene  with  sllico-0-bromo propionic  anhydride  Is  run  under  certain  conditions 
the  mobility  of  the  halogen  atom  In  the  formed  8 -bromoproplophenone  leads,  on  the  one  hand,  to  alkylation  of 
the  benzene  ring  by  the  8 -bromoproplophenone,  and  on  the  other  hand,  to  easy  hydrolysis  during  decomposition  of 
the  complex,  as  a  result  of  which  the  reaction  products  prove  to  be  8 -phenylpropiophenone  and  8 -hydroxyprop- 
plophenone. 

4.  8 -Hydroxyproplophenone  when  distilled  forms  a  dimer  with  the  composition  CigHjjO^. 
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ETHYLENE  SULFIDE  IN  THE  SYNTHESIS  OF  HETEROCYCLIC  COMPOUNDS 

WITH  TWO  HETERO  ATOMS 


VIII.  SYNTHESIS  OF  2-(2-FURYL)-,  2-(2-THIENYL)-,  AND  2-(2-SELENIENYL)-3-ARYLTHIAZOLIDINES 
lu.  K.  lur’ev  and  S.  V.  Dl  atlov  i  tsk ala 


In  previous  papers  [1-3]  we  have  shown  that  the  condensation  of  N-{S-mercaptoethyl)-arylainines  with 
aldehydes  leads  to  the  formation  of  2-alkyl-  (or  aryl)-3-arylthiazolidines.  Since  the  reaction  with  benzaldehyde 
goes  easily,  then  it  could  be  expected  that  other  aldehydes  of  an  aromatic  character,  as  for  example,  furfural, 
2-thiophenecarboxaldehyde  and  2-selenophenecarbox aldehyde,  would  condense  with  N-(6 -mercaptoethyl)-aryl- 
amines  to  form  the  corresponding  thiazolidines. 

From  the  literature  it  is  known  that  S.  V.  Tsukerman  [4]  attempted  to  condense  cysteine  hydrochloride 
with  furfural.  However,  the  formation  of  2-(2-furyl)-thlazolldine  failed  to  occur  here:  only  the  furfural  mercaptal 
was  obtained  when  the  reaction  was  run  in  alcohol  medium,  while  in  aqueous  medium  the  substance  obtained  was 
free  of  sulfur. 

In  the  present  paper  we  condensed  furfural,  2-thlophenecarboxaldehyde  and  2-selenophenecarboxaldehyde  with 
N-(0-mercaptoethyl)-arylamlnes  and  obtained  the  corresponding  series  of  thiazolidines:  2-(2-furyl)-2-arylthla- 
zolidlnes,  2-(2-thlenyl)-3-arylthiazolidlnes  and  2-(2-selenienyl)-3-arylthiazolldlnes. 

II2C - N— Ar  HjC - N-Ar 

H 

“s’-v  U _ 1!  • 

\SH 

Ar  =  C.Hsip-  &  0-CH3C,H,;  p-  &0-CH30C,H4. 

X  =  O.  S,  Se. 


I  0.  /X. 

H  4-  ^G— /  \ _ » 

^  h/  II  II  -HjO  Ho G  ( 


It  should  be  mentioned  that  the  2-(2-furyl)-3-arylthlazolldines  are  quite  unstable  compounds:  they  are 
easily  decomposed  when  vacuum-distilled,  and  also  when  treated  with  concentrated  hydrochloric  acid  or  hydro¬ 
gen  chloride,  which  makes  it  impossible  to  obtain  their  hydrochlorides.  2-(2-Furyl)-3-o-anlsylthiazolldlne 
proved  to  be  so  unstable  that  we  were  unable  to  obtain  It  in  the  pure  state  or  to  characterize  it.  It  is  probable 
that  the  instability  of  this  type  of  compound  was  the  reason  for  the  failure  of  the  above  described  attempts  to 
synthesize  2-(2-furyl)-thlazolldlne  [4]. 

The  2-(2- thienyl)-  and  2-(2-selenlenyl)-3-arylthlazolldlnes  proved  to  be  more  stable  compounds:  they 
are  decomposed  only  when  boiled  with  concentrated  hydrochloric  acid  for  10-15  min. 

The  reactivity  of  the  ortho-benzene-substituted  Isomers  of  the  N-(8 -mercaptoethyl)-arylamines  In  the  above- 
described  reactions  was  poorer  than  that  of  the  corresponding  para-isomers,  which  Is  in  agreement  with  earlier 
made  observations  [2,  5,  6].  Thus,  when  N-(0 -mercaptoethyl)-o-toluidine  and  N-(6 -mercaptoethyl)-o-anlsidine 
were  condensed  with  furfural,  2-thlophenecarboxaldehyde  and  2-selenophenecarboxaldehyde  the  yields  of  the 
thiazolidines  were  lower  than  the  yields  of  the  conesponding  thiazolidines,  obtained  using  N-(0-mercaptoethyl)- 
p-toluldlne  and  N-(8-mercaptoethyl)-p-anlsidine  in  the  condensation. 
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EXPERIMENTAL* 


Reaction  of  N-(B -Mercaptoethyl)-aryl.Sinines  with  Furfural 

2-(2-Furyl)-3-phenylthlazolidine.  A  mixture  of  7.65  g  (0.05  mole)  of  N-(6 -mercaptoethyl)- aniline  and 
4.8  g  (0.05  mole)  of  furfural  was  boiled  in  30  ml  of  dry  benzene  In  a  Dean-Stark  apparatus  until  water  ceased  to 
come  over  In  the  distillate.  The  amount  of  water  collected  was  0.85  ml.  After  distilling  off  the  benzene  the  oily 
residue  was  shaken  with  5  ml  of  alcohol  and  25  ml  of  saturated  sodium  bisulfite  solution.  The  precipitate  of  bi¬ 
sulfite  derivative  was  filtered  and  washed  with  ether.  The  filtrate  was  extracted  3  times  with  ether,  and  the  com¬ 
bined  ether  extracts  were  dried  over  anhydrous  magnesium  sulfate. 

After  removal  of  the  ether  by  distillation  the  oily  residue  was  vacuum-distilled  in  a  stream  of  nitrogen  (slight 
decomposition).  After  distilling  off  several  drops  of  a  crimson-colored  liquid  the  fraction  with  b.  p.  175-180“ 

(3  mm)  was  collected.  This  fraction,  weighing  8  g  (69%),  was  2-(2-futyl)-3-phenylthlazolldlne,  and  after  redlstll- 
lation  had  the  following  constants. 

B.  p.  175-176“  (3  mm),  n”D  1.6280,  d4“  1.2167,  MRp  67.47.  CuHjPNS  Pg.  Calculated  66.85.  Found  %; 

C  66.90,  66.88;  H  5.80,  5.68;  N  6.03,  6.04.  CuH^ONS.  Calculated  %:  C  67.50;  H  5.67;  N  6.06. 

2-(2-Furyl)  -3-p-tolylthiazolidine.  A  mixture  of  8.35  g  (0.05  mole)  of  N-(0  -mercaptoethyl)-p-toluldlne 
and  4.8  g  (0.05  mole)  of  furfural  was  allowed  to  stand  at  room  temperature  for  4  hrs,  and  then  worked  up  in  the 
same  manner  as  described  above.  After  dlstllUng  off  die  ether  from  the  ether  extract  of  the  reaction  product  the 
residue  crystallized  and  was  2-(2-furyl)-3-p-tolylthiazolldlne;  m.  p.  56.5-57.5“  (from  alcohol).  Yield  9.4  g 
(76.5%). 

Found  %:  C  68.68,  68.50;  H  6.12,  6.30;  N  5.66,  5.76.  CmHjsONS.  Calculated  %:  C  68.54;  H  6.16; 

N  5.71. 

2-(2-Furyl)-3-p-anlsylthiazolidine.  From  9.15  g  (0.05  mole)  of  N-(0 -mercaptoethyl)“p-anlsldlne  and 
4.8  g  (0.05  mole)  of  furfural,  using  the  procedure  of  the  preceding  experiment,  we  obtained  11.7  g  (86.5%)  of 
2-(2-furyl)-3-p-anl^lthiazolldlne:  m.  p.  75.5-76“  (from  alcohol). 

Found  %:  C  64.52,  64.39;  H  5.89,  5.87;  N  5.38,  5.43.  CuHi^O^NS.  Calculated  %:  C  64.34;  H  5.79; 

N  5.36. 

2-(2-Furyl)-3-o-tolylthiazolidine.  A  mixture  of  8.35  g  (0.05  mole)  of  N-(8-mercaptoethyl)-o-toluldlne 
and  4.8  g  (0.05  mole)  of  furfural  was  allowed  to  stand  for  6  hrs,  and  then  worked  up  as  described  above.  The  oil, 
obtained  after  distilling  off  the  ether,  was  vacuum-distilled  in  a  stream  of  nitrogen,  and  here  the  following  frac¬ 
tions  were  collected:  1st,  b.  p.  135-145“  (4  mm),  1.3  g;  2nd,  b.  p.  145-174“  (4  mm),  2,42  g;  3rd,  b.  p.  174-180“ 

(4  mm),  3.8  g. 

The  1st  fraction  was  unreacted  N-(0  -mercaptoethyl)-o-toluldlne;  the  2nd  fraction  was  a  mixture  of  the 
unreacted  amine  and  2-(2-furyl)-3-o-tolylthlazolidlne;  the  3rd  fraction  was  2-(2-futyl)-3-o-tolylthlazolldlne. 

Redistillation  of  the  2nd  and  3rd  fractions  gave  5.1  g  (41%)  of  2-(2-furyl)-3-o-tolylthiazolldlne. 

B.  p.  180-182“  (4  mm),  n“D  1.6032,  d4“  1.1800,  MRp  71.43.  C^HisONS  Fg.  Calculated  71.47.  Found  %: 

C  68.61,  68.74;  H  6.24,  6.26;  N  6.07.  CnHjgONS.  Calculated  %:  C  68.54;  H  6.16;  N  5.71. 

Reaction  of  N-(6 -Mercaptoethyl)-arylamines  with  2-Thiophenecarboxaldehyde 

A  mixture  of  0.01  g  mole  of  N-(0  -mercaptoethyl)-arylamlne  and  0.01  g  mole  of  2-thlophenecarboxalde- 
hyde  was  allowed  to  stand  at  room  temperature  for  20  hrs.  [In  the  case  of  N-(0  -mercaptoethyl)-o-toluidine  and 
N-(0  -mercaptoethyl)-p-carbethoxyanillne  the  mixtures  were  allowed  to  stand  for  40  hrs.] 

The  crystals  of  2-(2-thlenyl)-3-arylthiazolldlne  were  filtered  and  recrystallized  from  80%  alcohol. 

The  constants  of  the  2-(2-thlenyl)-3-arylthlazolldines  obtained  in  the  indicated  manner  are  listed  In  Table  1. 


*  Student  G.  P.  Aleksandrova  assisted  in  the  experimental  portion  of  this  study. 
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TABLE  1 


2-(2-Thienyl)-3-arylthiazolidines 


Name  of  obtained 
compounds 


Melting 

point 


Yield 


in  g 


in  % 


Analysis  data 


found 


calc 


found 


calc 


found 


calc. 


2-(2-Thienyl)-3- 

phenylthiazolidine 

2-(2-Thienyl)-3-o- 

tolylthiazolidine 

2-(2-Thienyl)-0-p- 

tolylthiazolidine 

2-(2-Thienyl)-3-o- 

anisylthiazolidine 

2-(2-Thienyl)-3-p- 

anisylthiazolidine 

2-(2“Thienyl)-3-p- 

carbethoxyphenyl- 

thiazolidine 


70.5—71° 

2.0 

63.11 

5.45,  5.41 

5.30 

5.78,  5.89 

5.66 

34.5-35 

64.34,  64.29 

64.32 

5.96, 5.91 

5.78 

5.31,5.39 

5.36 

72.5—73 

2.6 

64.17,  64.14 

64.32 

5.81,  5.91 

5.78 

5.51,  5.67 

5.36 

74.5—75 

1.7 

61.5 

5.69,  5.69 

5.45 

5.28,  5.05 

5.05 

77—77.5 

2.75 

5.56,  5.61 

5.45 

1.53 

48 

H 

1 

5.23,  5.34 

5.36 

4.50,  4.48 

4.39 

Reaction  of  N-(6 -Mercaptoethyl)-arylamlnes  with  2-Selenophenecarboxaldehyde 

Mixtures  of  0.01  mole  of  N-(0 -mercaptoethyl)-arylamine  and  0.01  mole  of  2-selenophenecarboxalde- 
hyde  were  allowed  to  stand  for  20  his. 

In  the  case  of  N-(0  -mercaptoethyl)-p-toluldine  and  N“(0  -mercaptoethyl)-o-anl8ldlne  the  mixtures  were 
allowed  to  stand  for  48  hrs,  after  which  the  reaction  products  were  dissolved  In  ether,  and  the  solutions  dried  over 
anhydrous  magnesium  sulfate;  after  distilling  off  the  ether  the  residues  crystallized. 

The  crystals  of  2-(2-selenlenyl)-3-arylthlazolldlne  were  filtered  and  recrystalllzed  fix)m  80^o  alcohol. 

The  constants  of  the  2-(2-selenlenyl)-3-arylthlazolidlnes  obtained  In  the  indicated  manner  are  listed  In 
Table  2. 


TABLE  2 


2-(2-Selenlenyl)-3-arylthlazolldines 


YIpM  I 

Analvsis  data 

Name  of  obtained 
compounds 

Melting 

point 

C 

H 

N 

1 

ing 

in  ojo 

found 

calc 

1 

found 

calc. 

found 

calc, 

2-(2-Selenienyl)-3- 

65.5-66° 

1.54 

52.5 

53.33,  53.37 

53.06 

4.68,  4.59 

4.45 

4.98,  4.92 

4.75 

phenylthiazolidine 

2-(2-Selenienyl)-3- 

56—56.5 

1.67 

54 

54.68,  54.58 

54.54 

5.13,  5.15 

4.91 

4.80,  4.63 

4.54 

o  -  tolylthiazolidine 
2-(  2-  Selenienyl)-3- 

81.5—82 

1.9 

61 

54.24,  54.43 

54.54 

5.07,  5.09 

4.91 

4.85, 4.64 

4.54 

p-tolylthiazolidine 
2-(2-Selenlenyl)-3- 
o  -  anlsy  Ithi  azo  1  idine 

96.5—97 

1.73 

52.5 

51.70,  51.91 

51.85 

4.77, 4.69 

4.66 

4.55, 4.49 

4.32 

2-(2-Selenienyl)-3“ 

p-anisylthiazolidine 

81—81.5 

2.95 

91 

51.68,  51.71 

51.85 

4.85,  4.9o 

4.66 

4.45, 4.39 

4.32 
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SUMMARY 


1.  The  condensation  of  N-(6-mercaptoethyl)-arylainlnes  with  furfural  gave  the  previously  unknown  2- 
(2-furyl)- 3-phenyl-,  2-(2-furyl)-3-o-tolyl-,  2-(2-furyl) -3-p-tolyl-  and  2-(2-furyl)-3-p-anlsylthlazolldlnes. 

2.  The  condensation  of  N-(6-inercaptoethyl)-arylamlnes  with  2-thlophenecarboxaldehyde  gave  the  pre¬ 
viously  unknown  2-(2- thienyl)- 3-phenyl-,  2-(2-thlenyl)-3-o-tolyl-,  2-(2-thlenyl)-3-p-tolyl-,  2-(thlenyl)- 
3-o-anlsyl-,  2-(2-thienyl) -3-p-anisyl-  and  2-(2-thlenyl)-3-p-carbethoxyphenylthlazolldlnes. 

3.  The  condensation  of  N-(8-mercaptoethyl)-arylanilnes  with  2-selenophenecarboxaldehyde  gave  the  pre 
vlously  unknown  2-(2-selenlenyl)-3-phenyl-,  2-(2-selenlenyl)-3-o-tolyl-,  2-(2-selenlenyl)-3-p-tolyl-,  2-(2- 
selenlenyl)-3-o-anlsyl-  and  2-(2-selenlenyl)-3-p-anlsylthiazolldlnes. 
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CONDENSATION  OF  y,  y  ,y  -  TRIG  HLO  RO  C  RO  TO  NO  NITRIL  E  WITH  BENZENE 
IN  THE  PRESENCE  OF  ALUMINUM  CHLORIDE 


A.  D.  Grebenluk  and  I.  P.  Tsukervanlk 


In  studying  the  influence  exerted  by  the  stability  of  the  intermediate  complex  with  aluminum  chloride  on 
the  reactivity  of  a,0  -unsaturated  nitriles  it  was  shown  by  us  [1]  that  y  ,y  ,y -trichlorocrotononitrile  reacts  readily 
with  benzene  in  the  presence  of  1.2  g-moles  of  AICI3.  The  high  reactivity  of  this  nitrile  when  compared  with  that 
of  acrylonitrile  was  explained  by  us  as  being  due  to  the  influence  exerted  by  the  trichloromethyl  group,  which  re¬ 
duces  the  stability  of  the  intermediate  complex.  As  a  result  of  reaction  we  obtained  a  63%  yield  of  phenyldlchloro- 
vinylacetonitrile,  proved  by  saponification  to  phenylsuccinic  acid.  The  position  of  the  phenyl  group  was  not  deter¬ 
mined,  since  on  the  basis  of  some  literature  data  [2,  3]  we  assumed  that  the  manner  in  which  benzene  adds  to  the 
double  bond  will  be  determined  by  the  conjugation  effect  of  the  double  bond  wltfi  the  nitrile  group.  Proceeding 
from  these  considerations,  the  reaction  product  was  assigned  the  structure  of  0  -phenyldichlorovinylacetonltiile  (I). 

Recently  A.  N.  Nesmeianov,  L.  I.  Zakharkin  and  R.  Kh.  Friedlina  [4],  studying  the  effect  of  o,ir-conjuga- 
tion  in  unsaturated  compounds  containing  a  trichloromethyl  group,  showed  that  the  condensation  of  y  ,y  ,y-trl- 
chlorocrotonic  acid  with  benzene  in  the  presence  of  aluminum  chloride  leads  to  the  formation  of  a-phenyldl- 
chlorovlnylacetlc  acid. 


CCl3GH=CH—COOH  + Celle  — CGI2--CH— CH-COOH 

AlGls  I 

CeHg 

This  new  information,  testifying  to  the  great  power  exerted  by  the  conjugation  of  a  CCI3  group  with  a  double 
bond,  made  it  necessary  to  determine  the  position  of  the  phenyl  group  in  the  product  obtained  by  us  when  y  ,y  ,y- 
trlchlorocrotononitrile  was  condensed  with  benzene. 

Depending  on  whether  the  trichloromethyl  or  the  phenyl  group  exerts  predominant  Influence  on  the  double 
bond  it  is  possible  to  obtain  either  a-phenyldlchlorovlnylacetonitrlle  (II)  or  0  -phenyldlchlorovinylacetonltrlle 
(I),  according  to  the  scheme 


CCia— GH=CH— CN 


AlCl, 


^  GCl2=C-GH2— CN  (I) 

/  I 

Celle 

CCl2=CH-CH-CN  (II) 

(!:«He 


Together  with  a  study  of  the  condensation  product,  we  made  a  more  detailed  study  of  the  Influence  of  reac¬ 
tion  conditions  on  the  condensation  course.  We  were  able  to  show  that  the  reaction  also  goes  in  the  absence  of 
excess  catalyst,  using  only  0. 8-0.9  g-mole  of  AICI3.  This  again  testifies  to  the  high  reactivity  shown  by  y  .y  .y  “ 
trichlorocrotononitrile.  However,  reducing  the  amount  of  catalyst  leads  to  a  sharp  reduction  in  the  reaction  rate: 
if  at  60-70“  and  a  reaction  time  of  2-4  hrs  the  yield  of  phenyldichlorovlnylacetonltrlle  using  1.2  g-moles  of  Aids 
is  62-63%,  then  with  0.8  g-mole  of  catalyst  the  yield  of  product  drops  to  23%,  despite  the  fact  that  the  reaction 
time  is  increased  to  16  hrs. 
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Further  It  was  establldied  that  the  main  reaction  product,  boiling  In  the  range  130-132*  at  6  mm,  and  140- 
145*  at  8  mm.  Is  not  homogeneous.  Instead  It  consists  of  a  mixture  of  two  nitriles  —  one  a  liquid  and  the  other 
being  crystalline  with  m.  p.  92-92.5*.  The  amount  of  either  nitrile  in  the  mixture  depends  on  the  reaction  con¬ 
ditions.  The  relative  amount  of  the  crystalline  nitrile  Increases  with  decrease  In  the  amount  of  AlC^. 

The  liquid  nitrile  Is  a-phenyldlchlorovinylacetonltrlle  (II).  Its  structure  was  proved  In  the  following  man¬ 
ner:  the  nitrile  was  saponified  with  a  mixture  of  hydrochloric  and  acetic  acids  to  a-phenyldlchlorovlnylacedc 
acid  (III),  which  by  hydrogenation  over  palladium  was  converted  to  a-phenylbutyrlc  acid  (IV),  Identified  by  the 
mixed  melting  point  of  Its  amide  with  the  amide  of  a-phenylbutyrlc  acid,  obtained  by  a  counter  synthesis. 


CCl2=GH-CH— CN  — CGl2=GII— CH— GOOH 

•  r*i.T  » 


CHsCOOH 


G»H 


6“6' 


Pd/BaSO, 


(HI) 

GHs— GHj— GH— GOOH  — ^  GH3-GH2— GH— GOGl  — 


(II) 


QHg 
(IV) 


I 

C«H 


'6"6 


GH3— GH2— GH— GONH2 


(V) 


Based  on  Its  complete  analysis  rite  crystalline  condensation  product  is  an  Isomer  of  nitrile  (II),  When  nitrile 
(U),  containing  the  crystalline  nitrile  as  Impurity,  was  saponified,  the  crystalline  product  was  recovered  unchanged. 
From  this  It' was  concluded  that  It  Is  saponified  with  greater  difficulty.  For  this  reason  the  hydrolysis  of  the  crystal¬ 
line  nitrile  was  run  with  a  larger  amount  of  mixed  hydrochloric  and  acetic  acids,  and  for  a  longer  time.  Under 
these  conditions  both  the  chlorine  and  cyanide  groups  were  saponified  and  the  hydrolysis  product  proved  to  be 
phenylsucclnlc  acid. 


GGl2=G— GHg— GN 


HCI 


io 


CH3C00H 


H. 


HOOG-GH— GH2— GOOH 

I 


G«H 


0^5 


The  formation  of  phenylsucclnlc  acid  Indicates  that  the  crystalline  nitrile  differs  from  the  a-lsomer  only  In  the 
portion  of  the  phenyl  group,  and  consequently  Is  0  -phenyldlchlorovlnylacetonltrlle  (I),  To  prove  conclusively 
the  structure  of  (I)  we  are  synthesizing  It  by  a  counter  method. 


EXPERIMENTAL 

The  condensation  of  y  ,y  ,Y-trlchlorocrotononltrlle  with  benzene  was  run  In  the  same  manner  as  described 
earlier  pL].  The  results  are  summarized  In  the  table. 


Expt. 

no. 

Relative  amounts  of 
reactants  (g-mole)* 

Tempera¬ 

ture 

Reaction  time 
(in  hrs) 

Yields  of  products  (in  % 
of  theoretical) 

AlCl, 

C.H. 

heating 

standing 

at  20* 

liquid 

nitrile(II) 

crystalline 
nitflle  (I) 

1 

1.17 

25.7 

45° 

5 

12 

27 

Not  Isolated 

2 

1.80 

25.7 

20 

22 

24 

Traces 

3 

1.00 

10.0 

60-70 

10.5 

12 

43 

Not  Isolated 

4 

0.94 

13.6 

60-70 

12.5 

36 

31 

9.6 

5 

0.80 

13.6 

60-75 

15 

84 

11.5 

11.5 

6 

1.20 

10.0 

65-70 

6 

12 

44.3 

9.7 

7 

1.20 

10.0 

70 

2 

62 

Not  isolated 
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a- Phenyldlchlorovlnylacetonltrlle  (II); 

B.  p.  122*  at  3  mm,  125-127“  at  5  mm,  140-145“  at  8  mm,  n*®D  1.5585,  1.2553,  MRd  54.48;  calc. 

53.86. 

The  analysis  results  for  (II)  and  Its  complete  saponification  to  phenylsucclnlc  acid  were  presented  earlier 

[1]. 

g-Phenyldlchlorovlnylacetlc  acid  (III).  A  mixture  of  7.75  g  of  nitrile  (II),  9  ml  of  concentrated  hydro¬ 
chloric  acid,  16  ml  of  glacial  acetic  acid  and  4  ml  of  water  was  refluxed  for  17  hrs,  and  then  allowed  to  stand 
at  room  temperature  for  48  hrs.  When  the  mixture  was  cooled  the  top  brownish  layer  solidified,  while  the  aqueous 
layer  deposited  white  crystals.  We  obtained  7.5  g  of  crude  product. 

To  Isolate  the  pure  acid  a  benzene  solution  of  the  saponification  product  was  chromatographed  through  a 
column  containing  A1^3.  All  of  the  colored  Impurities  were  eluted  with  benzene  until  the  A1^3  layer  became 
white.  The  aluminum  oxide  with  tenaciously  adsorbed  acid  was  pushed  out  of  the  column  and  then  treated  several 
times  with  10%  NaHC03  solution  until  all  of  the  acid  had  been  extracted.  Acidification  of  the  alkaline  solution 
gave  the  nearly  pure  acid  with  m.  p.  83-86“.  After  recrystallization  from  either  cyclohexane  or  petroleum  ether, 
m.  p.  88-89“.  From  the  literature,  m.  p.  87-88“  [4]. 

Two  substances  were  isolated  from  the  benzene  solution  used  to  elute  the  column.  One  of  them  was  orange 
in  color,  had  m.  p.  196-198“  (from  benzene),  and  was  insoluble  In  ether  and  dilute  NaOH  solution.  It  contained 
both  halogen  and  nitrogen. 

The  second  substance  with  m.  p.  90-91.5“  proved  to  be  nitrile  (I).  Its  mixed  melting  point  with  nitrile  (I)^ 
Isolated  from  the  condensation  product,  was  not  depressed. 

g-Phenylbutyric  acid  (IV).  A  solution  of  2  g  of  acid  (III)  in  30  ml  of  water  containing  1.4  g  of  NaOH  was 
hydrogenated  over  Pd/BaS04  at  room  temperature.  Here  625  ml  of  Hj  was  absorbed.  At  the  end  of  hydrogenation 
the  catalyst  was  suction-filtered,  and  the  alkaline  solution  after  evaporation  was  acidified.  The  acid  was  extrac¬ 
ted  with  ether,  dried,  and  vacuum -distilled.  We  obtained  1.1  g  of  acid  (IV)  with  b.  p.  160-170“  (6  mm). 

g-Phenylbutyramlde  (V).  A  mixture  of  1.1  g  of  acid  (IV)  and  5  ml  of  SOCI2  was  refluxed  for  an  hour.  After 
distilling  off  the  excess  SOClj  in  vacuo  the  crude  chloride  was  converted  to  the  amide  by  treatment  with  25% 
ammonia  solution.  We  obtained  0.6  g  of  amide  (V)  with  m.  p.  83-84.5“  (from  benzene),  which  failed  to  depress 
the  melting  point  when  mixed  with  the  g-phenylbutyramlde  obtained  by  us  from  benzyl  cyanide  by  the  scheme 


The  ethylation  of  benzyl  cyanide  was  run  by  the  Wegler  method  [5].  To  saponify  the  nitrile  we  used  the 
method  repeatedly  employed  by  us  earlier  [1]. 

6  -Phenyldichlorovinylacetonitrile  (I).  The  product.  Isolated  from  several  condensations(Table,Nos.  4-6), 
represents  a  single  substance,  crystallizing  from  benzene  as  coarse,  colorless,  well-shaped  crystals  with  m.  p. 
92-92.5“.  It  is  insoluble  In  petroleum  ether,  moderately  soluble  In  diethyl  ether,  and  has  a  sharp  odor  reminiscent 
of  chlorine. 

Found  %:  C  56.83;  H  3.34;  Cl  34.02;  N  6.88.  CioH7NCl2.  Calculated  %:  C  56.60;  H  3.30;  Cl  33.49; 

N  6.60. 

Saponification  of  nitrile  (I).  A  mixture  of  1  g  of  nitrile  (I),  4  ml  of  glacial  acetic  acid,  2  ml  of  concentrated 
HCl  and  0.5  ml  of  water  was  refluxed  with  mechanical  stirring  for  13  hrs  (and  then  allowed  to  stand  at  room  tem¬ 
perature  for  60  hrs).  On  pouring  into  water  a  brown  oil  separated  that  solidified  on  standing.  The  obtained  sub¬ 
stance  proved  to  be  Insoluble  In  10%  soda  solution,  while  the  residue  from  the  evaporation  of  the  acid  solution 
yielded  only  a  trace  amount  of  acid,  which  could, not  be  purified. 

The  substance  was  again  dissolved  in  10  ml  of  CH3COOH  and  refluxed  with  8  ml  of  HCl  for  19  hrs  (the 
mixture  was  allowed  to  stand  for  96  hrs).  A  small  amount  of  the  water-insoluble  substance  was  removed  and 
washed  with  10%  soda  solution.  No  Indication  of  solution  was  observed  here.  The  acid  solution  was  carefully 
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evaporated  on  the  water  bath  to  a  small  volume.  On  cooling  a  precipitate  of  phenylsucclnlc  acid  was  obtained, 
which  was  repreclpltated  from  soda  solution.  We  obtained  0.2  g  of  the  acid.  M.  P.  164-165*  (from  a  mixture  of 
benzene  and  anhydrous  alcohol).  The  mixed  melting  point  with  authentic  phenylsucclnlc  acid  was  not  depressed. 

SUMMARY 

1.  y  ,y  ,y  -Trlchlorocrotononltrlle  adds  benzene  at  the  double  bond  In  the  presence  of  0.8-0. 9  g-mole  of 
AlClj,  which  Indicates  Its  hl^  activity. 

2.  The  reaction  product  Is  a  mixture  of  a-phenyldlchlorovlnylacetonltrlle  and,  apparently,  0-phenyldl- 
chlorovlnylacetonltrlle.  The  relative  amount  of  the  two  Isomers  In  the  mixture  depends  on  the  reaction  conditions. 

LITERATURE  CITED 

[1]  A.  D.  Grebenluk  and  I.  P.  Tsukervanlk,  J.  Gen.  Chem.  25,  286  (1955).* 

[2]  F.  Brower  and  H.  Burkett,  J,  Am.  Chem.  Soc.  75,  1082  (1953). 

[3]  I.  Thompson,  S,  Louloudes,  R.  Fulmer,  and  H.  Burkett,  J,  Am.  Chem.  Soc.  75,  5006  (1953). 

[4]  A.  N.  Nesmelanov,  L.  I.  Zakharkin,  and  R.  Kh.  Freldllna,  ftoc.  Acad.  Scl.  USSR  111,  114  (1956).* 

[5]  R.  Wegler,  Lleb.  Ann.  510,  80  (1934). 


Received  July  10, 1957 


Central  Asia  State  University 


•  Original  Russian  pagination.  See  C.  B.  translation. 


2420 


CATALYTIC  AMINATION  OF  ORGANIC  COMPOUNDS 
Vn.  CATALYTIC  TRANSFORMATIONS  IN  THE  BUTYLAMINE  SERIES 

N,  S.  Kozlov  and  N.  I.  Panova 


In  studying  the  catalytic  aminatlon  of  alcohols  and  of  aliphatic  ethers  and  esters  [1-3]  It  was  established 
by  us  that  in  all  cases  the  end  reaction  products  are  a  mixture  of  the  corresponding  primary,  secondary  and  ter¬ 
tiary  amines.  Consequently,  in  order  to  elucidate  the  mechanism  of  the  amlnation  reactions  taking  place  here 
the  need  arose  to  investigate  the  behavior  shown  by  various  individual  amines  under  our  studied  conditions. 

Some  light  on  this  problem  was  found  in  the  patent  literature.  Thus,  it  is  known  that  the  passage  of  a  mix¬ 
ture  of  butylamine  and  ammonia  over  aluminum  oxide  heated  to  350*  gave  a  catalyzate  that  contained  of 
unchanged  butylamine,  34%  of  dlbutylamlne,  3%  of  butylene  and  3%  of  other  products  [4].  If  the  aluminum 
oxide  had  been  previously  treated  with  acid,  then  here  the  yield  of  secondary  amine  showed  a  slight  Increase 
[5.  6]. 

A  paper  was  recently  published  by  A.  F.  Plate  and  co-workers  [7],  in  which  experiments  on  the  conversion 
of  propylamine  to  a  mixture  of  primary,  secondary  and  tertiary  amines  by  passage  over  aluminomolybdenum  cata¬ 
lyst  are  described. 

In  the  present  paper  we  studied  the  catalytic  transformations  of  butylamine,  dlbutylamlne  and  tributylamine 
when  passed  in  a  stream  of  compressed  ammonia  over  heated  aluminum  oxide.  Here  it  was  established  that  any 
of  the  indicated  starting  amines  give  butylene  and  two  new  amines:  the  primary  amine  gives  the  secondary  and 
tertiary  amines,  the  secondary  amine  gives  the  primary,  and  tertiary  amines  and  the  tertiary  amine  gives  the  pri¬ 
mary  and  secondary  amines.  The  mutual  transformations  of  the  amines  can  be  depicted  by  the  following  general 
equation; 


6C4H9Nn2  3(C4H9)2NH  +  3NH3  2(C4H9)3N  -I-4NH3 

Consequently,  the  experimental  data  obtained  by  us  indicate  that  the  mutual  transformations  of  the  butyl- 
amines  bear  an  equilibrium  character,  in  which  connection  the  equilibrium  is  shifted  strongly  toward  the  forma¬ 
tion  of  the  primary  amine, 

Tlie  formation  of  butylene  in  these  reactions  can  occur  as  the  result  of  the  following  chemical  processes: 


C4H9NH2==G4H8-fNn3. 
(C4H„)2Nn=C4H8  +  C4ll9Nll2, 
(C4Hfl)3N=C4H8  +  (G4H9)2NH. 


At  the  present  time  we  lack  experimental  data  showing  that  butylene  participates  in  the  formation  of  the 
amines.  However,  using  compressed  ammonia,  we  were  largely  able  to  suppress  the  conversion  of  the  primary 
butylamine  to  butylene.  We  also  made  an  attempt  to  study  the  reverse  reaction,  where  as  the  starting  ethylenlc 
hydrocarbon  we  took  amylene  with  b.  p.  33*,  obtained  by  the  dehydration  of  Isoamyl  alcohol.  From  10  ml  of 
amylene  taken  for  reaction  we  obtained  several  drops  of  the  amine.  Using  the  micro  technique  it  was  shown  that 
the  obtained  amine  has  a  primary  character  and  distills  completely  up  to  150*. 
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Such  a  reaction  character  is  probably  explained  as  follows;  here,  apparently,  ammonia  adds  to  the  double 
bond  in  accord  with  the  V.  V,  Markovnikov  rule,  in  which  case  a  primary  amine  is  formed  witit  the  amino  group 
on  the  secondary  carbon  atom.  But  amines  having  such  a  structure,  as  was  shown  in  our  previous  paper  [2],  are 
extremely  unstable. 


EXPERIMENTAL 

The  experiments  were  run  in  the  same  apparatus  used  by  us  earlier  [1].  A  known  weight  of  starting  amine 
in  an  atmosphere  of  ammonia  under  a  pressure  of  9  atmos,  was  passed  at  a  rate  of  20  drops  per  min  over  aluminum 
oxide  heated  to  370-375®.  The  amines  taken  for  experiment  had  the  following  constants:  n-butylamine,  b.  p. 
77-79",  d4“  0.743,  n*®D  1.403;  dl-n-butylamine,  b.  p.  158-160",  d4*’  0.767,  n“D  1.423;  and  tri-n-butylamine, 
b.  p.  214-218",  d4”  0.774,  n“D  1.425. 

The  gaseous  reaction  product  proved  to  be  butylene,  which  was  determined  by  the  method  described  in  the 
previous  paper  [2].  The  liquid  catalyzate,  boiling  in  the  range  75-180*  independent  of  the  amine  taken  was  a 
mixture  of  primary,  secondary  and  tertiary  amines,  and  did  not  contain  any  neutral  products.  The  catalyzate  was 
analyzed  by  the  method  given  in  [8]. 


The  results  of  our  experiments  are  summarized  in  the  table. 


Name  of 
compound 

Am*t  of 
compound 

_ Tin..gj_ 

Ammonia 
pressure 
if  almost 

1  ^ 

O  N.— » 

Piopertiesof 

catalyzate 

Am't  of  amines  in 
catalyzate 

o  c  5 

»  ttj « 

1  3.S 

TD 

H  2.S 
3'^ 

>> 

8^ 

pri¬ 

mary 

1 

c 

o 

O  ctJ 

•  S' 

4-1  «-» 

n- Butyl  amine 

30 

9 

25 

0.743 

1.408 

52.6 

32.3 

15.1 

2 

Dibutylamine 

30 

9 

22 

0.771 

1.411 

57.0 

20.5 

22.5 

3 

Tributylamine 

13 

9 

9 

0.763 

1.416 

52.8 

22.2 

25.0 

1 

n-Butylamine 

10 

1 

4 

— 

— 

— 

— 

— 

4 

SUMMARY 

The  mutual  transformations  of  butyl-,  dibutyl-  and  trlbutylamine  over  aluminum  oxide  in  an  ammonia 
atmosphere  und^  variable  pressure  were  studied.  Compressed  ammonia  shifts  the  equilibrium  toward  the  forma¬ 
tion  of  the  primary  amine  and  suppresses  the  formation  of  the  unsaturated  hydrocarbon. 
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PROPERTIES  OF  BINARY  MIXTURES  OF  ORGANIC  COMPOUNDS  AS  A 
FUNCTION  OF  ASSOCIATION  AND  CONCENTRATION 


A.  E.  Lutskll,  E.  M.  Obukhova,  and  I.  A.  Sidorov 


The  dependence  of  various  physical  properties  of  mixtures  on  the  concentration  and  especially  the  extent 
of  their  deviation  from  additivity  are  extensively  used  to  study  Intermolecular  reaction  and  association  of  mole¬ 
cules  In  solution,  either  between  themselves  or  with  the  molecules  of  the  solvent  [1].  Here  It  Is  postulated  that 
a  negative  deviation  of  the  viscosity  and  density  of  a  mixture  from  additivity  [2]  or  deviation  from  a  linear  change 
In  the  molar  polarization  of  a  dissolved  substance,  calculated  from  the  dielectric  permeability.  Is  a  sign  that  the 
molecules  of  the  components  show  association  p.].  On  this  basis  It  Is  frequently  postulated  that  the  molecules  of 
many  substances  (chlorobenzene,  benzonitrlle,  etc.),  for  which  other  criteria  and  properties  suggest  a  normal  be¬ 
havior  [4],  are  capable  of  association  [3],  In  order  to  ascertain  more  accurately  the  effect  of  molecular  associa¬ 
tion  of  the  components  on  the  character  of  the  concentration  dependence  of  various  physical  properties  of  binary 
mixtures,  we  measured  the  values  of  one  of  the  equilibrium  (density  kinetic  (viscosity  and  electrical 
(dielectric  permeability  6 1^2)  properties  of  sundry  binary  mixtures,  composed  of  a  constant  component  1  (benzene), 
while  as  component  2  we  took  various  compounds  whose  molecules  differed  mainly  only  in  the  dipole  moment 
(isoperiodlc  compounds),  mass  (Isologs),  or  in  all  the  properties  except  shape  (monosubstituted  benzenes).  The 
methods  used  to  make  the  measurements  and  to  purify  the  compounds  are  given  In  the  dissertation  by  one  of  tlie 
authors  [5];  the  measurement  results  obtained  for  25  mixtures  of  the  indicated  type  are  given  In  Tables  1-10,  and 
for  some  concentrations  and  temperatures  were  presented  earlier  [6].  The  dissertation  [5]  also  has  a  number  of 
curves,  constructed  from  the  data  obtained  for  the  relationship  between  the  concentration  N2  (In  mole  fractions) 
and  the  described  properties,  and  also  the  calculated  deviations  of  the  latter  from  additivity  using  the  equation 


Ay  =  j/j  2  {i  —  N2)  t/il 


where 


y  =  d,Ti ,  V  or  €. 

From  the  obtained  data  it  follows  that  contraction  of  the  system  occurs  when  benzene  is  mixed  with  Its 
monohalo  derivatives,  which  Is  confirmed  by  the  measurement  results  obtained  by  other  authors  [3,  7],  The  same 
is  also  true  for  mixtures  of  benzene  with  bromo-  and  lodobutane.  Only  for  the  mixture  benzene-chlorobutane 
is  the  di^2"N2  curve  somewhat  convex  to  the  N2  axis.  The  Avi,2"N2  curves  (Avi,2  the  deviation  of  the  specific 
volume  of  the  mixture  from  additivity)  pass  through  a  minimum,  in  which  connection  the  maximum  relative  de¬ 
crease  in  the  volume  on  mixing  Increases  with  the  mass  of  the  halogen. 

In  the  case  of  mixtures  of  benzene  with  aromatic  Isoperiodlc  compounds  a  contraction  of  the  system  Is  ob¬ 
served  for  both  normal  (except  the  mixture  benzene-ethylbenzene)  and  associated  mixtures,  while,  on  the  other 
hand,  an  expansion  of  the  system  is  observed  for  mixtures  of  benzene  with  aliphatic  Isoperiodlc  compounds  (except 
the  mixture  containing  ethyl  methyl  ketone).  A  similar  type  of  difference  in  the  behavior  of  the  discussed  mix¬ 
tures  also  follows  from  the  literature  data  for  di^2  [3» 

The  mixtures  with  associated  components  also  do  not  differ  from  the  mixtures  with  normal  (nondissoclated) 
compounds  In  respect  to  the  character  of  the  change  in  Avi^2  N2  and  di^2  temperature.  The  Avi^2"N2 
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TABLE  1 


Dielectric  Permeability  €  1^2  of  Binary  Mixtures  Composed  of  Benzene  (1)  and  Halogenated 
Derivatives  (2) 


curves  for  many  of  the  studied  mixtures,  especially  the  mixtures  of  benzene  with  isoperiodlc  compounds  (including 
associated  mixtures),  within  the  limits  of  experimental  error,  obey  the  Blron  rule  [7,  9]:  Avj  2  =  *^^^2  (1  ~  ^2) 

(K  is  constant  at  a  given  temperature).  The  density  of  all  of  the  studied  mixtures  decreases  linearly  with  increase 
in  the  temperature  in  the  studied  temperature  interval,  while  the  value  Avi,2,  in  the  case  of  a  negative  sign,  in¬ 
creases  with  increase  in  the  temperature,  and,  to  the  contrary,  decreases  if  the  sign  is  posirive.  Only  for  mixtures 
with  associated  compounds  and  with  a  positive  sign  for  Avi^2  ^oes  the  value  of  the  latter  increase  with  the  tempera¬ 
ture. 


All  of  the  investigated  mixtures  failed  to  show  a  linear  change  of  2  ^2.  In  harmony  with  the  results 

of  other  measurements  [3, 10],  even  the  mixtures  benzene-chlorobenzene,  benzene-ethylbenzene  and  benzene- 
diethyl  ether,  considered  to  be  either  ideal  or  nearly  ideal  [11],  show  a  noticeable  and  uniform  change  InACj 2 
with  N2.  In  this  connection,  at  the  same  concentrations  N2  and  temperatures,  those  mixtures  whose  members  be¬ 
long  to  the  same  series  of  halo  derivatives  show  a  consistent  change  in  Ae  j  2  with  increase  in  the  mass  of  the  halo¬ 
gen. 

Mixtures  of  benzene  with  the  studied  aromatic  compounds,  except  benzyl  alcohol,  o-cresol  and  aniline, 
give  a  positive  A  6 1^2-  Mixtures  of  benzene  with  the  studied  aliphatic  isoperiodic  compounds  give  A  e  1^2“ ^2 
curves  that  are  always  convex  to  the  N2  axis  (negative  Ac 2^2)*  Here  only  a  larger  |A6i^2  I  characteristic  for 
mixtures  of  benzene  with  compounds  tending  to  form  complexes  due  to  hydrogen  bonding  between  the  molecules 
(propionic  acid,  butanol).  Evidently,  the  fact  that  a  mixture  has  a  negative  deviation  of  €12  additivity  is 
not  a  good  criterion  that  the  molecules  of  the  components  in  the  mixture  show  association.  This  is  due  to  the  fact 
that  differences  in  the  other  properties  of  the  component  molecules,  such  as  the  dipole  moment,  polarizability 
and  shape  [4,  6],  also  exert  an  influence  on  the  sign  and  value  of  A6i^2‘  should  also  be  mentioned  that  but  for 
a  few  exceptions  the  sign  of  Ae^  2  coincides  with  that  for  Adi^2*  Apparently,  Acj  2  associated  with  the  number 
of  component  molecules  per  unit  volume  of  mixture  that  deviate  from  addldvlty. 

Within  die  limits  of  measurement  enor,  the  Ae  j^2"H2  curves  for  nearly  all  of  the  studied  mixtures  (including 
the  mixtures  with  associated  components)  are  quite  symmetrical,  and  the  value  Aeji^2  ^  satisfactorily  calculated 
using  the  equation:  A  €1,2  =  K'N2  (1  “  ^2)  (K*  is  a  constant).  The  mbctures  with  associated  components  (alcohols, 
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TABLE  -2 

Dielectric  Permeability  e  1^2  of  Binary  Mixtures  Composed  of  Benzene  (1)  and  Members  of 
Aromatic  Isoperiodic  Series  (2) 


Component  2 

Nt 

e« 

at  26® 

0.1 

2.28 

2.25 

2.22 

2.20 

0 

0.2 

2.30 

2.28 

2.26 

2.24 

0 

0.4 

2.31 

2.29 

2.27 

2.25 

—1 

CellsCalls 

0.5 

2.33 

2.L0 

2.28 

2.26 

—1 

0.6 

2.34 

2.32 

2.30 

2.29 

—1 

09 

2.36 

2.34 

2.38 

2.30 

—2 

1.0 

2.41 

— 

— 

— 

— 

0.1 

2.49 

2.46 

2.42 

2.38 

-fl 

0.2 

2.72 

2.67 

2.64 

2.60 

+3 

0.4 

3.16 

3.10 

3.06 

3.01 

+6 

C6II5OCH3 

0.5 

3.40 

3.32 

3.27 

3.22 

+9 

0.6 

3.63 

3.54 

3.48 

3.42 

+11 

0.8 

4.01 

3.93 

3.83 

3.77 

+8 

1.0 

4.35 

— 

— 

— 

0.1 

2.77 

2.74 

2.70 

2.66 

— 

CeHsCHaOH 

0.2 

3.40 

3.34 

3.27 

3.22 

— 

0.5 

6.25 

5.94 

5.68 

5.42 

— 

0.1 

2.64 

2.60 

2.55 

2.51 

-10 

0.2 

3.04 

2.99 

2.93 

2.88 

—17 

0.4 

3.91 

3.31 

3.71 

3.60 

—24 

CeH4(CH3)OH-o 

0.5 

4.36 

4.25 

4.12 

4.00 

—28 

0.6 

4.87 

4.70 

7.54 

4.41 

-22 

0.8 

5.96 

5.72 

5.50 

5.25 

-7 

1.0 

6.97 

— 

— 

— 

— 

CelljCN 

0.2 

6.98 

6.72 

6.50 

6.34 

— 

TABLE  3 

Dielectric  Permeability  Cj  2  of  Binary  Mixtures  Composed  of  Benzene  (1)  and  Members  of 
Aliphatic  Isoperiodic  Series  (2) 


Ac  10* 

Component  2 

N, 

jW 

6 

at  25® 

0.2 

2.58 

2.51 

—3 

0.4 

2.88 

2.81 

— 

— 

—7 

(C,H5)jNH 

0.5 

0.6 

3.04 

3.22 

2.95 

3.10 

z 

z 

—8 

—7 

0.8 

3.56 

3.41 

— 

— 

—6 

■ 

1.0 

3.96 

— 

— 

— 

— 

0.2 

2.66 

— 

— 

— 

-4 

0.4 

3.06 

— 

— 

— 

—4 

0.5 

3.28 

— 

— 

— 

-4 

(^2115)2^^ 

0.6 

3.48 

— 

— 

— 

—5 

0.8 

3.91 

— 

— 

— 

—4 

1.0 

4.265 

— 

— 

— 

— 

(25°) 

CH3COOCH3  { 

0.5 

1.0 

4.82 

7.3 

4.66 

— 

— 

— 
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TABLE  5 

Density  of  Mixtures  of  CgHg  (1)  and  Halo  Derivatives  at  Various  Temperatures 


Component  2 

N, 

d‘'' 

^35 

At) 

10' 

25° 

50° 

0.000 

0.8734 

0.8628 

0.8721 

0.8468 

0.0!)8 

0.87;,6 

0.8629 

0  8522 

08466 

t-4 

+  '• 

n-C^llLCl 

o.ir.:< 

0.8737 

0.8630 

0.8523 

0.8468 

1 

5 

O.HH) 

0.8773 

— 

— 

0.8793 

6 

0 

1.000 

0.8787 

0.8675 

0.8561 

0.8504 

— 

— 

0.066 

0.9038 

0.8929 

0.8821 

0.8767 

-58 

-65 

0.100 

0.9191 

0.9080 

0.8970 

0.8915 

-80 

—86 

n-C4ll,,Br 

0.134 

0.9344 

0.9232 

0.9120 

0.9064 

-101 

-107 

0.800 

1.1972 

— 

— 

1.1623 

-73 

-77 

1.000 

1 .2638 

1.2493 

1.2348 

1.2275 

— 

— 

0.075 

0.9404 

0.9292 

0.9179 

0.9123 

—143 

—  150 

n-C.Hgl 

0.100 

0.9629 

0.9575 

0.9411 

0.9344 

—  186 

—195 

0.800 

1.4784 

— 

— 

1.4387 

—118 

—120 

1.000 

1.5989 

1 .5823 

1.5658 

1.5575 

— 

— 

0.080 

0.8941 

0.8833 

0.8724 

0.8669 

-31 

—27 

0.121 

0.9044 

0.8936 

0.8828 

0.8775 

-45 

-46 

CflUsCI 

0.162 

0.9147 

0.9039 

0.8932 

0.8879 

-53 

-55 

0.800 

1 .0602 

— 

— 

1.0329 

—42 

—42 

1.000 

1.1010 

1.0902 

1.0793 

1.0739 

— 

— 

0.0867 

0.9355 

0.9244 

0.9133 

0.9078 

—102 

—102 

(:„n,np 

0.116 

0.800 

0.9565 

l.:i8H 

0.9452 

0.9340 

0.9283 

1.3483 

—130 

—83 

—129 

-86 

i 

1.000 

1.4885 

1.4752 

1.4616 

1.4543 

— 

— 

0.0668 

0.9512 

0.9401 

0.9291 

0.9235 

-166 

-173 

ChH.,! 

0.0896 

0.9774 

0.9661 

0.9549 

0.9492 

—208 

—215 

0.800 

1.6596 

— 

1.6235 

—118 

—121 

1.000 

1.816.3 

1.8013 

1.7862 

1.7782 

TABLE  6 

Density  of  Mixtures  of  CjHg  (1)  and  Members  of  the  Same  Aromatic  Isoperlodlc  Series  (2)  at 
Various  Temperatures 


Component  2 

N, 

d-‘- 

d'- 

d-' 

Au 

t0‘ 

25° 

50^ 

0.1 

0.8715 

0.8610 

0.8.506 

0.8454 

i  10 

+  8 

0.2 

0.8698 

0.8595 

0.8494 

0.8443 

^-18 

+15 

0.4 

0.8672 

0.8574 

0.8475 

0.8427 

-1-24 

+20 

0.5 

0.8660 

0.8565 

0.8470 

0.8422 

+24 

)  17 

0.6 

0.8650 

0.8557 

0.8464 

0.8417 

+24 

+17 

0.8 

0.8635 

0.8545 

0.8454 

0.8410 

i  15 

+  9 

1.0 

0.8624 

0.8536 

0.8448 

0.8404 

— 

— 

0.1 

0.8874 

0.8768 

0.8662 

0.8610 

-31 

-34 

0.2 

0.9007 

0.8904 

0.8801 

0.87.')0 

—51 

-60 

0.4 

0.9256 

0.9156 

0.9056 

0.;KH)7 

-69 

—81 

CoHgOCHa 

0.5 

0.9373 

0.9273 

0.9175 

0.9126 

-69 

—79 

0.6 

0.9485 

0.9386 

0.9289 

0.9240 

-63 

—71 

0.8 

0.9696 

0.9600 

0.9504 

0.9456 

-39 

—43 

1.0 

0.9891 

0.9797 

0.9703 

0.9656 

— 

— 
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TABLE  6  (continued) 


Component  2 

A’, 

d- 

d'' 

a*’ 

d’’ 

Ac-  • 

10’ 

25° 

50° 

0.1 

0.89;i2 

0.8827 

0.8722 

0.8670 

-40 

—40 

0.2 

0.1)122 

0.9021 

0.8920 

0.8870 

— 67 

—7; 

CJl^CHoOlI 

0.5 

0.9651 

0.9561 

0.9470 

0.9426 

—91 

— 1(X> 

0.« 

1.0122 

1.0039 

0.9957 

0.9915 

-53 

-60 

1.0 

1.0401 

1.0322 

1.0244 

1.0206 

— 

— 

0.1 

0.8026 

0.8822 

0.8718 

0.8665 

-35 

-45 

0.2 

0.9115 

0.9012 

0.8912 

0.8861 

-59 

-71 

0.4 

0.9172 

0.9374 

0.9278 

0.8230 

—77 

—92 

ChIIsCHO  < 

0.5 

0.9642 

0.9548 

0.9454 

0.9407 

—77 

-93 

0.6 

0.9806 

0.9713 

0.9621 

0.9575 

—72 

-87 

0.8 

1.0119 

1.0029 

0.9940 

0.9896 

—41 

-52 

1 

1.0 

1.0421 

1.0332 

1.0243 

1.0199 

— 

— 

1.0 

1.0408 

1.0321 

1.0233 

1.0189 

0.2 

0.9031 

0.8930 

0.8830 

0.8780 

-53 

-66 

TABLE  7 

Density  of  Mixtures  of  (I)  and  Members  of  the  Same  Aliphatic  Isoperiodlc  Series  (2)  at 
Various  Temperatures 


Component  2 

Nt 

dJ’ 

d« 

At). 

10‘ 

d*’ 

20° 

35° 

0.2 

0J^391 

0.8285 

0.8232 

_ 

+70 

+68 

0.4 

0.8022 

0.7917 

0.7865 

— 

+110 

+104 

(C2H5)2N  H 

0.5 

0.7847 

0.7743 

0.7691 

— 

+117 

+109 

0.6 

0.7686 

0.7582 

0.7529 

— 

-i-ioo 

+91 

0.8 

0.7356 

0.7250 

0.7197 

— 

+78 

-f70 

1.0 

0.7051 

0.6943 

0.6885 

— 

— 

— 

0.2 

0.8440 

— 

— 

— 

+25 

— 

0.4 

0.8105 

— 

— 

— 

+33 

— 

(02115)20 

0.5 

0.6 

0.7941 

0.7778 

I 

— 

— 

+35 

+33 

I 

0.8 

0.7457 

— 

— 

— 

+20 

— 

1.0 

0.7138 

— 

— 

— 

— 

— 

0.2 

0.8961 

0.8854 

0.8800 

0.8699 

+69 

+71 

0.4 

0.9159 

0.9051 

0.8997 

0.8889 

+103 

+106 

CjIIsCOOll  . 

0.5 

0.9269 

0.9160 

0.9106 

0.8998 

+106 

+110 

0.8 

0.9640 

0.9531 

0.9477 

0.9368 

+69 

+71 

1.0 

0.9934 

0.9824 

0.9770 

0.9661 

— 

— 

0.2 

0.86;K) 

0  8526 

0.8474 

0.8370 

+25 

-h32 

0.4 

0.8489 

0.8390 

0.8341 

0.8243 

+30 

-1-37 

n-C4H;,OII 

0.5 

0.8421 

0.8326 

0.8279 

0.8184 

+29 

+34 

0.6 

0.8356 

0.8264 

0.8210 

0.8126 

+23 

+28 

0.8 

0.8226 

0.8141 

0.8098 

0.8014 

+10 

-fl4 

1.0 

0.8095 

0.8017 

0.7978 

0.7900 

— 

CllaCOOCHa  j 

0.5 

1.0 

P  p 

0.8887 

0.9191 

0.8829 

0.9124 

— 

-1-64 

+59 

0.2 

0.8832 

0.8721 

0.8665 

— 

+29 

+29 

0.4 

0.8889 

0.8774 

0.8716 

— 

+43 

+42 

HCOOr-lIs 

0.5 

0.8920 

0.8804 

0.8745 

— 

+46 

+43 

0.8 

0.9036 

0.8910 

0.8849 

— 

+26 

+29 

1.0 

0.9125 

0.8955 

0.8931 

— 

— 

— 

0.2 

0.8646 

0.8538 

0.8485 

0.8378 

—6 

—7 

0.4 

0.8502 

0.8395 

0.8343 

0.8237 

—10 

—  1  3 

GHaCOCalls 

0.5 

0.84.30 

0.8324 

0.8271 

0.8166 

—12 

—1  5 

0.6 

0.8357 

0.8251 

0.8198 

0.8092 

—  13 

—  1  5 

0.8 

0.8201 

0.8094 

0.8041 

0.7935 

0 

1) 

1.0 

0.8055 

0.7948 

0.7895 

0.7789 

— 

— 
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TABLE  8 

Viscosity  rji  2*10^  of  Mixtures  of  Benzene  and  Halo  Derivatives  (Isologs)  at  Various  Temperatures 


Halo  derivative 
(2) 

T)«' 

At). 

10’ 

25' 

o 

0 

0.000 

602 

527 

464 

436 

0.098 

5.57 

492 

437 

417 

-0.28 

-0.09 

n-CiHaCl 

0.153 

542 

48i 

428 

404 

-0.33 

—0.17 

0.800 

454 

— 

— 

358 

-0.25 

—0.12 

1 

1.000 

.428 

390 

356 

340 

— 

— - 

( 

0.066 

588 

518 

459 

432 

-0.14 

—0.06 

n-C4HgH'’  J 

0.100 

583 

515 

4.57 

431 

-0.19 

-0.09 

i 

0.134 

574 

510 

454 

428 

—0.16 

-0.10 

1 

1 

1.000 

606 

552 

502 

476 

— 

— 

0.080 

613 

537 

475 

444 

-0.02 

-0.01 

0.121 

620 

544 

482 

451 

0.0 

-0.01 

G«HsCl 

0.162 

623 

547 

486 

454 

-0.03 

-0.02 

O.SOO 

718 

— 

— 

541 

-0.06 

-0.02 

1.000 

750 

669 

601 

566 

— 

— 

1 

f 

0.0867 

636 

558 

492 

461 

-0.05 

-0.05 

1 

0.116 

649 

568 

504 

470 

—0.07 

-0.07 

1 

0.800 

960 

— 

— 

711 

-0.07 

-0.02 

1 

1.000 

1056 

934 

836 

784 

— 

— 

1 

( 

0.0668 

646 

565 

499 

469 

-0.16 

-0.10 

I 

1 

0.0896 

660 

578 

512 

478 

—0.22 

-0.15 

CgHsl 

1 

0.800 

1274 

— 

— 

917 

-0.33 

-0.16 

1 

1.000 

1513 

1318 

1162 

1083 

— 

— 

TABLE  9 

Viscosity  r)  i  2*19®  of  Mixtures  of  Benzene  (1)  and  Members  of  Aromatic  Series  of  Isoperlodlc 
Compounds  (2)  at  Various  Temperatures 


1 

Component  2 

T,« 

At). 

10' 

25® 

50® 

0.1 

599 

528 

468 

440 

—5 

0 

0.2 

601 

530 

471 

443 

—6 

—  1 

0.4 

603 

535 

477 

449 

—8 

—2 

CeHjCaHg 

0.5 

607 

538 

481 

453 

—7 

—2 

0.6 

608 

542 

484 

456 

—8 

—3 

0.8 

616 

551 

492 

466 

—4 

0 

1.0 

625 

560 

502 

474 

— 

— 

0.1 

635 

556 

489 

460 

—5 

—  1 

0.2 

671 

.587 

517 

485 

—8 

—2 

0.4 

742 

649 

570 

53.3 

—  14 

—4 

CgllgOGlIa 

0.5 

782 

680 

597 

559 

-12 

—4 

0.6 

821 

715 

626 

585 

-11 

—3 

0.8 

907 

785 

684 

6'.0 

_ 2 

+1 

1.0 

986 

851 

739 

690 

— 

— 

( 

0.1 

704 

609 

531 

497 

—587 

—178 

0.2 

849 

727 

623 

578 

—1131 

—3.37 

0.'. 

1319 

1073 

894 

815 

—2039 

—572 

r>-C„H4(GH^)OIL 

0.5 

1661 

1334 

1084 

981 

—2.386 

-652 

0.6 

21 48 

1668 

1331 

1186 

-2.589 

—.586 

0.8 

3874 

2766 

2067 

1,807 

—2241 

— 54  4 

1.0 

7493 

48.53 

.3359 

28.30 
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acids,  amines)  show  only  much  higher  values  of  the  constant  K*.  In  the  temperature  range  studied  all  of  the  mix¬ 
tures  show  a  decrease  in  €x  2  with  increase  in  the  temperature  [3, 12].  A  characteristic  of  the  mixtures  with  the 
indicated  associated  compounds  is  either  an  abnormally  low  (for  the  acids)  or,  to  the  contrary,  a  high  (for  the 
alcohols  and  phenols)  value  of  A  e/At. 

The  data  for  the  viscosities  of  the  studied  mixtures  also  do  not  show  any  qualitative  difference  in  the  charac¬ 
ter  of  the  relationship  between  1^2  ^2  for  the  mixtures  with  associated  and  nonassociated  components.  The 

tji,2”N2  curves  for  all  the  mixtures,  including  those  with  acids,  alcohols  and  phenols  as  the  2  components,  are 
characterized  by  a  negative  deviation  of  jj  1^2  from  additivity.  Here  many  highly  polar  members  of  the  Isoperiodic 
series  give  mixtures  with  benzene  that  are  characterized  by  extremely  high  absolute  values  of  Atj  1,2*  Consequently, 
the  characteristic  of  mixtures  with  associated  compounds  is  not  the  sign  of  Ar]i,2,  but  instead  of  its  abnormally 
high  absolute  value.  The  above-mentioned  difference  between  mixtures  of  benzene  with  aromatic  and  with  ali¬ 
phatic  compounds  is  manifested  in  the  case  of  viscosity  by  the  fact  that  for  mixtures  of  benzene  with  its  halogena- 
ted  derivatives  |  A  171,2  I  increases  in  the  order  I  >  Br  >  Cl,  and  for  mixtures  of  benzene  with  halogenated  deriva¬ 
tives  of  butane,  to  the  contrary,  in  the  order  Cl  >  Br  >  I. 

Mixtures  with  associated  components  show  a  quantitative,  and  not  a  qualitative,  difference  from  mixtures 
with  normal  compounds  also  in  respect  to  the  change  in  771^2  A  171,2  with  the  temperature.  In  the  studied 
temperature  interval  the  -q  1,2-t  curves  for  all  of  the  mixtures  are  convex  to  the  temperature  axis,  the  only  differ¬ 
ence  being  that  the  curves  for  the  mixtures  with  associated  compounds  show  a  sharper  deflection.  For  all  of  the 
studied  mixtures  the  value  IA77 1,2  (  decreases  with  increase  in  the  temperature,  in  which  connection  this  decrease 
is  greater  for  both  the  mixtures  with  highly  polar  and  associated  compounds. 

SUMMARY 

1.  The  values  of  the  dielectric  permeability  (ej^),  density  (di^2)  ^-nd  viscosity  (17 1,2)  for  binary  mixtures 
of  benzene  with  various  aliphatic  and  aromatic  compounds  were  measured. 

2.  The  mixtures  composed  of  benzene  and  associated  compounds  (alcohols,  acids,  phenols,  aniline)  obey 
the  same  laws  as  do  mixtures  with  normal  compounds  for  the  change  in  di,2,  €12  and  77 1^2  with  concentration 
and  temperature,  and  show  comparable  deviations  from  additivity.  The  first  mixtures  differ  from  the  second  not 
in  the  laws  of  change,  but  only  in  the  abnormal  (when  compounds  of  the  same  type  are  compared)  values  of  the 
Indicated  constants  and  in  their  degree  of  change  with  concentration  and  temperature. 
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EFFECT  OF  DILUTION  ON  THE  ACTIVITY  OF  COPPER  CATALYST  IN  THE 
DEHYDROGENATION  OF  BUTYL  ALCOHOL 


B.  N.  Dolgov,  V.  V.  Mazurek,  and  V.  A.  Krol* 


In  a  previous  communication  [1]  It  was  shown  by  one  of  us  that  In  the  dehydrogenation  of  butyl  alcohol 
over  copper  catalyst  It  Is  possible  to  achieve  a  substantial  Increase  In  the  yield  of  aldehyde  If  the  starting  alcohol 
Is  diluted  with  pure  hydrogen  In  a  mole  ratio  of  1 ;  1.  Such  dilution  during  dehydrogenation  Is  quite  frequently 
used  In  Industrial  heterogeneous  catalysis  [2-7].  However,  the  dehydrogenation  of  alcohols  In  a  stream  of  hydro¬ 
gen  has  not  been  subjected  to  a  systematic  study,  and  only  Isolated  statements  can  be  found  In  the  literature  on 
the  matter  (for  example,  the  dehydrogenation  of  octanol  In  a  stream  of  hydrogen)  [8], 


Fig.  1.  Change  of  the  percent  conversion  of  butyl 
alcohol  with  time  as  a  function  of  the  experiment 
temperature  and  the  addition  of  gaseous  diluents. 

1)  Without  gas  addition,  2)  with  the  addition  of  nitro¬ 
gen,  3)  with  the  addition  of  carbon  dioxide;  4)  with 
the  addition  of  hydrogen. 


It  Is  assumed  that  the  role  played  by  added  gases 
reduces  to  protecting  the  catalyst  from  poisoning  [3,  7], 
either  by  suppressing  side  reactions  that  could  lead  to  a 
poisoning  of  the  catalyst  surface  [7],  or  by  removing 
difficultly  desorbed  products,  formed  during  reaction, 
from  the  surface  [3,  9-11].  One  of  us  had  expressed 
the  theory  [11]  that  hydrogen  plays  the  role  of  a  cata¬ 
lyst  In  the  acid- free  esterification  of  alcohols,  which 
takes  place  over  dehydrogenation  catalysts,  and  enters 
into  the  Intermediate  reactions. 

In  the  present  study  we  sought  to  determine  whether 
the  Influence  exerted  by  hydrogen  In  the  dehydrogena¬ 
tion  of  alcohols  Is  due  to  Its  specific  action  or  whether 
It  reduces  to  maintaining  a  constant  catalyst  activity; 
we  also  sought  to  determine  whether  other  gases  would 
exert  a  similar  effect  and  to  what  a  reduction  in  cata¬ 
lytic  activity  was  due  to.  With  this  In  mind  we  ran 
some  experiments  on  the  dehydrogenation  of  butyl  al- 
cdiol  over  copper  catalyst  In  the  presence  of  various 
gases  (hydrogen,  nitrogen,  carbon  dioxide). 


It  must  be  remembered  that  the  dehydrogenation 
of  alcohols  over  copper  catalyst  Is  accompanied  by 
acid-free  esterification  reactions,  the  result  of  further  transformations  of  the  aldehyde,  and  also  by  the  formation 
of  small  amounts  of  butyric  acid.  For  this  reason  we  took  as  the  criterion  of  catalyst  activity  In  the  dehydrogena¬ 
tion  not  the  aldehyde  yield,  but  Instead  the  percent  of  alcohol  conversion.  Still,  to  more  completely  characterize 
the  activity  of  the  catalyst,  we  also  took  into  consideration  Its  activity  In  the  acid- free  esterification  reaction, 
which  made  It  possible  to  make  some  additional  conclusions  relative  to  the  changes  In  the  catalyst  surface  with 
time. 


The  experiments  were  run  at  250,  310  and  370*,  with  a  constant  space  velocity  of  160.  The  method  of 
operation  was  the  same  as  that  employed  earlier  [1].  The  yields  of  the  main  reaction  products  as  a  function  of 
the  time  and  dilution  with  a  gas  (Hj,  Nj,  CO2)  are  shown  In  Figs.  1  and  2. 
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As  can  be  seen  from  Figs.  1  and  2,  at  250*  the 
percent  of  alcohol  conversion  and  the  catalyzate  com¬ 
position  fail  to  show  any  substantial  change  in  20  hrs  of 
continuous  catalyst  operation  even  without  the  addition 
of  any  gas  to  the  reaction  zone. 

At  310*  in  30  hrs  of  catalyst  operation  without 
die  addition  of  a  gas  the  percent  of  alcohol  conversion 
remains  constant,  but  the  ratio  of  the  reaction  products 
in  the  catalyzate  changes  substantially:  the  yield  of 
aldehyde  increases  and  the  yield  of  ester  decreases. 

The  addition  of  nitrogen  in  a  mole  ratio  of  1 : 1  is 
without  effect  on  the  operation  of  the  catalyst.  To  the 
contrary,  the  addition  of  hydrogen  in  the  same  ratio 
assures  a  constant  operation  of  the  catalyst  as  regards 
the  yields  of  aldehyde  and  ester. 

Fig.  2.  Relationship  between  the  yield  of  main  reac-  At  370*  the  percent  conversion  drops  quite  sharply 

tlon  products  and  the  time.  1)  Aldehyde,  2)  ester.  even  after  9-10  hrs  of  catalyst  operation.  The  addition 

of  nitrogen,  hydrogen  or  carbon  dioxide  retards  the  rate 
of  catalyst  deactivation.  The  nature  of  the  gas  is  not  Important  here.  At  the  start  of  experiment  (without  the  ad¬ 
dition  of  a  gas)  there  is  a  rapid  Increase  in  the  aldehyde  yield,  corresponding  to  a  slow  Increase  at  310*,  and  then 
the  aldehyde  yield  drops. 

The  blowing  of  the  deactivated  catalyst  with  hydrogen  at  300-350*  for  10-12  hrs  does  not  restore  its  activity. 
However,  the  activity  of  the  catalyst  is  completely  restored  by  passing  a  slow  stream  of  air  over  it  at  250*,  fol¬ 
lowed  by  reduction  with  hydrogen. 


TABLE  1 

Results  of  the  Combustion  of  Two  Weighed  Samples  of  Catalyst 


Time  of  catalyst 

Weight  of 

Amount  of  sub- 

Obtained  (in  g) 

operation 
(in  hrs) 

catalyst 

(in  g) 

stance  consumed 
(in  g) 

CO2 

H2O 

1 

7.4 

0.0066 

0.0164 

0.0052 

15 

6.9 

0.0334 

0.0840 

0.0266 

To  establish  the  nature  of  die  difficultly  desorbed  products  blocking  the  catalyst  surface,  a  known  amount 
of  the  poisoned  contact  was  combusted  in  a  frirnace  set  up  for  elemental  analysis.  In  this  way  we  were  able  to 
establish  die  presence  of  unsaturated  compounds  on  the  catalyst  surface,  to  which  the  formula  of  (C4H60)n  could 
be  assigned.  The  data  on  the  combustion  of  two  weighed  samples  of  catalyst  with  a  different  degree  of  poisoning 
are  given  in  Table  1. 

Consequently,  the  following  reactions  proceed  on  the  catalyst  surface:  1)  dehydration  of  alcohol  to  alde¬ 
hyde,  2)  acid- free  esterification,  in  which  the  aldehyde  participates,  and  3)  formation  of  high-molecular  unsa¬ 
turated  compound. 

The  first  two  reactions  represent  stages  in  the  acid-free  esterification  of  alcohols,  in  which  the  aldehyde  is 
an  intermediate  product.  The  reaction  for  the  dehydrogenation  of  an  alcohol  to  the  aldehyde  is  monomolecular, 
and  one  active  center  is  required  for  it  to  progress.  A  doublet  is  probably  the  active  center  here. 

The  ester  condensation  reaction  is  independent  of  whether  it  reduces  to  the  condensation  of  two  molecules 
of  aldehyde  or  of  a  molecule  of  aldehyde  and  alcohol,  it  is  bimolecular  in  nature,  and  it  proceeds  on  two  adjacent 
active  centers,  apparently,  on  two  doublets.  The  difficultly  desorbed  compounds  that  are  formed  remain  on  the 
active  centers  of  the  surface  and  poison  the  catalyst.  However,  the  process  of  poisoning  the  active  centers  pro¬ 
ceeds  by  a  law  of  chance,  and  here  the  number  of  adjacent  pairs  of  active  centers  naturally  decreases  much  more 
rapidly  than  does  the  total  number  of  active  centers.  This  is  supported  by  the  calculations  of  Rideal  [12],  who 
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showed  that  to  terminate  the  catalytic  hydrogenation  of  benzene  It  Is  sufficient  to  poison  only  a  part  of  the  active 
centers.  At  the  same  time  such  a  partially  poisoned  catalyst  Is  still  capable  of  catalyzing  die  hydrogenation  of 
ethylene.  This  Is  associated  with  the  fact  that  to  hydrogenate  benzene  a  sextet,  which  Is  composed  of  three  ad¬ 
jacent  doublets.  Is  required,  while  to  hydrogenate  ethylene  requires  only  one  doublet. 

In  the  presented  experiments  a  reduction  In  catalyst  activity  Is  first  manifested  not  In  the  total  percent  of 
alcohol  conversion,  but  In  a  reduction  In  the  yield  of  ester.  Here  an  Increase  In  the  yield  of  aldehyde  Is  observed, 
since  the  probability  of  Its  further  transformation  drops  sharply  due  to  the  relatively  rapid  decrease  In  the  number 
of  adjacent  pairs.  Later,  when  a  substantial  portion  of  the  active  centers  has  become  poisoned,  both  the  total 
percent  of  conversion  and  the  yield  of  aldehyde  begin  to  decrease  noticeably.  At  310“  In  30  hrs  of  catalyst  opera¬ 
tion  we  were  unable  to  reach  the  point  of  a  reduction  In  the  aldehyde  yield;  however,  this  reduction  was  clearly 
expressed  at  a  higher  temperature  (370“).  Dilution  with  a  gas  reduces  the  partial  pressure  of  all  of  the  reactants 
and  this  is  most  strongly  manifested  In  the  case  of  the  higher  order  reactions,  and  in  particular.  In  the  formation 
of  the  high-molecular  compound. 

That  the  influence  of  various  gases  proves  to  be  extremely  close  at  370“  Is  probably  due  to  the  fact  that  at 
high  temperatures  the  adsorption  of  all  of  the  Indicated  gases  on  copper  Is  apparently  slight,  and  all  of  the  adsorp¬ 
tion  coefficients  are  close  in  their  absolute  values. 

The  situation  is  entirely  different  at  lower  temperatures  (310*).  Here  the  hydrogen  plays  a  peculiar  speclflc 
role.  It  apparently  takes  an  active  part  In  the  acid-free  esterification  reaction  as  a  supplemental  catalyst,  which 
Is  In  agreement  with  the  data  of  some  earlier  Investigations  made  by  one  of  us  pLl].  In  addition,  at  lower  tem¬ 
peratures  hydrogen  Is  capable  of  hydrogenating  those  unsaturated  compounds  whose  condensation  leads  to  the  for¬ 
mation  of  high-molecular  compounds,  serving  to  poison  the  catalyst  surface. 

EXPERIMENTAL 

All  of  the  experiments  were  run  in  an  aluminum  block  furnace,  which  made  It  possible  to  maintain  a  quite 
constant  experimental  temperature.  As  catalyst  we  took  pure  copper,  which  was  prepared  by  the  precipitation  of 
cupric  nitrate  with  caustic.  For  each  experiment  we  took  a  fresh  portion  of  catalyst,  which  was  reduced  with 


TABLE  2 

Results  of  the  Experiments  with  Butyl  Alcohol  at  310“ 


Time 

(in  hrs) 

In  presence  of  nitrogen 

In 

presence  of  hvdrotren 

yield  ( in 

percent 

conver¬ 

sion 

yield  (in  %) 

percent 

conver¬ 

sion 

aldehyde 

ester 

acid 

aldehyde 

ester 

acid 

1 

35.8 

.32.1 

0.8 

68.7 

35.0 

35.0 

2.9 

72.9 

3 

38.0 

25.9 

0.8 

64.7 

32.8 

37.8 

1.9 

72.5 

5 

41.3 

23.0 

0.9 

65.2 

33.3 

37.8 

1.8 

72.9 

H 

42.0 

22.0 

0.7 

64.7 

33.6 

38.4 

1.9 

73.9 

7 

4.3.1 

20.9 

0.7 

64.7 

33.0 

38.8 

1.7 

73.5 

9 

43.8 

20.3 

0.6 

64.7 

32.6 

38.4 

1.6 

72.6 

11 

45.3 

19.0 

0.5 

64.8 

32.9 

37.0 

1.8 

71.7 

12 

45.8 

18.7 

0.5 

65.0 

33.0 

36.0 

2.1 

71.1 

15 

46.9 

18.0 

0.6 

65.5 

34.0 

30.7 

1.6 

72.3 

hydrogen  at  200“  until  water  ceased  to  evolve.  Then  the  temperature  was  raised  to  the  desired  experimental 
temperature,  and  the  addition  of  hydrogen  was  terminated  if  the  experiment  was  run  In  the  absence  of  hydrogen. 
The  time  of  each  experiment  ranged  from  10-30  hrs.  Samples  of  the  catalyzate  were  removed  during  experi¬ 
ment  (at  Intervals  of  1.5-2  hrs),  and  were  analyzed  separately. 

The  liquid  products  were  analyzed  by  conventional  methods.  In  addition,  the  catalyzate  was  subjected  to 
fractional  distillation  through  a  column  with  an  efficiency  of  18  theoretical  plates.  The  reaction  products  were 
Identified  by  tlielr  physical  constants  and  by  elemental  analysis  of  the  corresponding  derivatives. 
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As  an  example  we  present  the  results  of  the  experiments  run  at  310*  In  the  presence  of  nitrogen  and  of  hydro¬ 
gen,  with  a  constant  space  velocity  of  160  (Table  2). 

SUMMARY 

1.  The  catalytic  conversion  of  butyl  alcohol  over  a  copper  catalyst  was  studied  In  the  temperature  range 
250-370*,  with  dilution  of  the  starting  alcohol  by  various  Inert  gases. 

2.  It  was  shown  that  the  catalyst  Is  deactivated  during  experiment  due  to  the  formation  of  difficultly  de¬ 
sorbed  products  on  Its  surface.  The  deactivation  process  can  be  retarded  by  the  addition  of  gas  diluents  (nitrogen, 
hydrogen,  carbon  dioxide)  to  the  starting  alcohol.  At  high  temperatures  the  nature  of  the  gas  diluent  Is  not  Im¬ 
portant.  At  lower  temperatures  (310*)  a  specific  favorable  Influence  Is  exerted  by  hydrogen  on  the  retention  of 
catalyst  activity. 

3.  The  functions  of  the  catalyst  change  during  the  poisoning  process,  which  Is  associated  with  the  different 
orders  of  the  reactions  that  progress  on  the  catalyst  surface. 

4.  An  explanation  of  the  observed  rules  was  proposed. 
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SOME  N-w-PHENYLALKYL-e  -  C  HLORO  PROP  lO  NA  M  IDES 


N.  K.  Kochetkov  and  N.  V.  Dubyklna 


In  previous  papers  we  have  described  the  synthesis  of  a  number  of  N-substltuted  0  -chloroproplonamldes, 
containing  benzyl  and  certain  other  radicals  on  die  nitrogens  [1,  2],  It  was  found  that  some  of  the  obtained  com¬ 
pounds  are  highly  active  anticonvulsants.  It  was  also  found  that  N-0  -phenethyl-0-chloioproplonamlde  (phenacon) 
Is  especially  active  In  the  treatment  of  tremors.  In  contrast  to  N-benzyl-0  -chloroproplonamlde  (chloracon),  which 
Is  most  active  In  the  treatment  of  epileptic  fits  [3,  4]. 

In  view  of  such  a  shift  In  the  character  of  the  anticonvulsant  activity  It  seemed  of  Interest  to  follow  the 
effect  of  further  lengthening  of  the  alkyl  chain  separating  the  phenyl  radical  from  die  amldo  nitrogen  on  the 
physiological  activity  of  N-substltuted  0  -chloroproplonamldes. 

With  dlls  In  mind  we  synthesized  the  corresponding  N-a;-phenylalkyl-0 -chloroproplonamldes,  and  speci¬ 
fically:  N-ct;-phenylpropyl-0 -chloroproplonamlde,  N-a;-phenylbutyl-0 -chloroproplonamlde  and  N-uj-phenyl- 
amyl-0  -chloroproplonamlde.  To  determine  the  effect  of  other  structural  changes  In  the  amide  portion  of  the 
molecule  we  also  synthesized  N-phenylbutenyl-0 -chloroproplonamlde  and  some  other  compounds. 

All  of  the  Indicated  compounds  were  synthesized  by  the  scheme  described  by  us  earlier  [1,  2],  and  speci¬ 
fically  by  the  acylation  of  the  corresponding  amines  with  0  -chloroproplonyl  chloride 

RNHj  +  ClCOCHaCHaCl  ->  RNHCOCHgCHaCl 

In  the  present  paper  we  used  a  modified  method  and  ran  the  acylation  in  a  two-phase  system  by  adding  the 
acid  chloride  to  a  mixture  composed  of  an  ethyl  acetate  solution  of  the  proper  amine  and  an  aqueous  solution 
of  sodium  hydroxide.  This  permitted  us  to  avoid  a  number  of  complications,  and  primarily  a  saponification  of 
the  acid  chloride,  which  we  observed  when  operating  in  an  aqueous  medium.  With  the  Indicated  procedure  the 
0  -chloroproplonamldes  were  obtained  In  yields  of  80-95<7o. 

We  used  various  methods  to  obtain  the  amines.  cj-Phenylproplonamlde  (I)  was  obtained  by  hydrogenating 
the  readily  available  0- phenyl propionltrile  over  skeletal  nickel. 


CoHe  +  CH2=GIICN  C8II5CH2GII2CN  G6H5GH2GH2GH2NH2 


(I) 


To  synthesize  6  -phenylbutylamine  (II)  we  used  the  following  scheme: 


LiAlH, 


G„H5GII=GHG1I0  +  GII3N02  -»•  Gf,Il5GiI=GHGII=GIIN02 

(III) 

— >  GcIl5GII=GIIGH2GIl2NIl2  G6H5GH2GH2GH2GH2NH2 


Pd/BaSO, 


(IV) 


(II) 


The  condensation  of  clnnamaldehyde  with  nitromethane  in  the  presence  of  alcoholic  caustic  gave  1-phenyl- 
4-nltrobutadiene  (III).  The  direct  catalytic  hydrogenation  of  the  latter  failed  to  yield  (II),  since  here  the  process 
was  accompanied  by  the  formation  of  high-boiling  products,  which  Is  probably  linked  with  the  condensations  suf- 
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fered  by  the  nitrodlene  under  the  hydrogenation  conditions.  Because  of  this  we  first  reduced  the  nltrodlene  (III) 
with  aluminum  lithium  hydride,  and  die  resulting  6  -phenylbutenyl amine  (IV)  was  then  converted  to  the  unsaturated 
amine  (II)  by  hydrogenation  over  palladium  deposited  on  barium  sulfate.  The  unsaturated  amine  (IV),  obtained 
as  an  intermediate,  was  also  used  by  us  to  obtain  the  corresponding  N-substltuted  8 -chloroproplonamlde  for  the 
purpose  of  determining  the  effect  of  a  double  bond  In  the  alkyl  chain  on  the  physiological  activity.  The  position 
of  the  double  bond  In  the  obtained  6  -phenylbutenylamlne  cannot  be  considered  as  being  rigidly  established,  but 
it  is  well  known  dial  when  a ,8 -unsaturated  nltro  compounds  are  reduced  with  alumlum  lithium  hydride  It  Is  die 
adjacent  double  bond  diat  Is  reduced  simultaneously  with  the  nltro  group  [5,  6].  For  dlls  reason  we  believe  that 
In  the  compound  obtained  by  us  It  Is  the  double  bond  In  conjugation  with  the  benzene  ring  that  Is  retained,  and 
therefore,  the  compound  Is  4-phenyl-3-butenylamlne.  The  catalytic  hydrogenation  of  the  unsaturated  8-chloro- 
proplonamide  gave  N-cj-phenylbutyl- 8 -chloroproplonamlde,  completely  Identical  with  the  product  obtained  by 
direct  hydrogenation. 

w-Phenylamylamlne  (V)  was  synthesized  by  the  following  scheme: 

CeH6CH=CHCHO  +  CH2(GOOH)2  ->  C6H6CH=CHCH=GHGOOH  ^ 

(VI) 

GeHsfGHjliGOOH  GoH5(GH2)4GONH2  G6H5(GH2)5Nn2 

(VII)  (VIII)  (V) 

8  -Styrylacryllc  acid  (VI),  obtained  by  the  condensation  of  clnnamaldehyde  with  malonlc  acid,  was  hydro¬ 
genated  over  nickel.  The  obtained  w-phenylvalerlc  acid  (VII)  was  converted  to  the  amide  (VIII)  via  the  corre¬ 
sponding  acid  chloride,  which  was  not  Isolated.  The  reduction  of  the  amide  with  lithium  aluminum  hydride  led 
to  obtaining  (V)  in  a  high  yield. 

In  order  to  determine  the  effect  of  an  additional  phenyl  radical  in  the  amide  portion  of  the  molecule  we 
synthesized  N-8  3  -dlphenylethyl-8  -chloroproplonamlde.  The  8  ,8  -dlphenylethylamlne  needed  for  this  synthesis 
was  obtained  by  the  hydrogenation  of  dlphenylacetonltrlle,  using  the  method  recently  described  by  one  of  us  wldi 
M.  I.  Petruchenko  [7]. 

Finally,  to  determine  the  effect  of  branching  In  the  N-alkyl  radical  of  the  8 -chloroproplonamlde,  we  syn¬ 
thesized  N-a-phenyllsopropyl-  8 -chloroproplonamlde.  We  used  the  Ritter  reaction  [8]  to  synthesize  this  com¬ 
pound,  and  the  N-substituted  8  -chloroproplonamlde  was  obtained  by  reacting  dlmethylphenylcarblnol  with  8  - 
chloroproplonitrile. 


GH3  GII3 

I  ! 

GoHsG— OH  +  GNGH2GH2GI  G6H5GNHGOGH2GH2GI 

(:h  CH 

The  use  of  8  -chloroproplonitrile  in  the  Ritter  reaction  was  previously  unknown,  and  although  the  amide  In  which 
we  were  interested  was  obtained  in  very  small  yield  here,  still  the  method  possesses  definite  advantages  due  to 
the  simplicity  and  ready  availability  of  the  starting  materials.  The  complications  associated  with  the  instability 
of  8  -chloroproplonitrile  under  the  conditions  of  the  Ritter  reaction  are  the  reason  for  the  low  yield  of  the  amide. 

All  of  the  synthesized  N-substltuted  8 -chloropropionamldes  were  tested  in  the  Pharmacological  Section  of 
our  Institute  by  N.  V.  Kaverina.  Of  the  synthesized  compounds  only  the  three  saturated  derivatives  of  N-w-phenyl- 
8 -chloropropionamide(Table,  compounds  1,  2  and  4)  show  some  activity  in  the  treatment  of  convulsions  produced 
by  arecoline.  Consequently,  N-benzyl-8 -chloroproplonamlde  and  N-8 -phenylethyl-8 -chloroproplonamlde,  syn¬ 
thesized  by  us  earlier,  possess  the  optimum  anticonvulsant  activity. 

EXPERIMENTAL 

(j-Phenylpropylamine  (I).  Hydroclnnamonltrile  was  obtained  by  die  literature  method  [9j  in  a  yield  of 
60<7o:  b.  p.  100-102“  (5  mm),  n^D  1.5245. 

A  solution  of  31.5  g  of  the  nitrile  in  100  ml  of  alcohol  was  hydrogenated  in  the  presence  of  15  g  of  skeletal 
nickel,  and  after  die  usual  workup,  we  obtained  20.6  g  (63.2%)  of  (I)  with  b.  p.  78-80*  (3  mm),  n*®D  1.5230. 
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Found  %:  N  9.88,  9.77.  C9H13N.  Calculated  N  10.35. 

The  amine  is  a  colorless  liquid  riiat  avidly  absorbs  carbon  dioxide  from  the  air.  From  [10],  b.  p.  216-220*. 

cu-Phenylbutylamine  (II).  l-Phenyl-4-nitrobutadlene  (III).  A  solution  of  6.3  g  of  sodium  hydroxide  in 
60  ml  of  methanol  was  added  in  drops,  with  vigorous  stirring  and  cooling  to  0“,  to  a  solution  of  20  g  of  ffeslily 
distilled  cinnamaldehyde  and  9.3  g  of  nitrometliane  in  75  ml  of  methanol.  The  reaction  mixture  was  stirred  for 
another  20  min  at  0-5", the  precipitate  of  (III)  sodium  salt  filtered,  tlten  washed  with  cold  methanol,  and  finally 
itwas  suspended  in  a  large  volume  of  ice  water  and  tlie  suspension  poured  into  160  ml  of  1  N  hydrochloric  acid, 
cooled  to  0*.  The  crystalline  precipitate  of  (III)  was  filtered,  washed  with  cold  water,  dried  in  the  air,  and  re¬ 
crystallized  from  methanol.  Yield  17.5  g  (66%);  yellow  leaflets  with  m.  p.  45-46". 

Found  %:  N  8.47,  8.26.  CioHgOjN.  Calculated  %:  N  8.00. 

4- Phenyl- 3-butenylamine  (IV).  A  solution  of  12.8  g  of  (III)  in  100  ml  of  ether  was  added  with  stirring  and 
slight  warming  to  an  ether  solution  of  lithium  aluminum  hydride  (from  12.6  g  of  lithium  hydride  and  102  g  of 
aluminum  bromide  in  260  ml  of  absolute  ether),  after  which  tlie  mixture  was  heated  under  reflux  for  4  hrs,  stirred 
at  room  temperature  for  5  hrs,  and  the  excess  aluminum  hydride  decomposed  by  the  addition  of  100  ml  of  moist 
ether,  and  then  20  mlof  water.  After  diis  the  reaction  mixture  was  slowly  poured  with  stirring  into  10%  hydrochloric 
acid  (200  ml),  cooled  to  0".  The  edter  layer  was  separated  and  the  water  layer  was  first  treated  with  excess  con¬ 
centrated  caustic  and  tlien  extracted  with  etlier.  The  combined  extracts  were  dried  over  sodium  hydroxide,  after 
which  fractional  distillation  gave  10.5  g  (77%)  of  (IV)  with  b.  p.  90-91"  (3.5  mm),  n^'®D  1.5548. 

Found  %:  N  9.38,  9.67.  Ci((Hi3N.  Calculated  %;  N  9.52. 

The  compound  is  a  colorless  oil  tliat  instantly  decolorizes  permanganate  solution. 

The  hydrochloride  was  obtained  by  saturating  an  ether  solution  of  (IV)  with  dry  hydrogen  chloride.  Colorless 
lustrous  crystals  wlA  m.  p.  219-221"  (precipitation  from  medianol  solution  with  ether). 

Found  %:  Cl  19.48,  19.44.  CjoH^NCl.  Calculated  %:  Cl  19.32. 

The  picrate  was  obtained  in  methanol  solution;  fine  yellow  crystals  with  m.  p.  148-149"  (from  ether). 

(j-Phenylbutylamine  (II).  A  solution  of  0.9  g  of  (IV)  in  50  ml  of  anhydrous  methanol  was  hydrogenated  in 
the  presence  of  0.3  g  of  palladium-on-barlum  sulfate  (5%  palladium)  at  room  temperature.  The  amount  of  hy¬ 
drogen  absorbed  was  130  ml  (0",  760  mm);  theory  is  122  ml.  After  die  usual  workup  we  obtained  0.63  g  (70%) 
of  (II)  with  b.  p.  87-88"  (3.5  mm),  n^D  1.5200. 

The  compound  is  an  oil  wlthasllghtodor  which  slowly  absorbs  carbon  dioxide  from  the  air. 

Found  %:  N  9.12,  8.97.  CioHjgN.  Calculated  %:  N  9.39. 

From  [11],  b.  p.  123-124"  (17  mm). 

The  hydrochloride  was  obtained  in  conventional  manner;  colorless  lustrous  crystals  with  m.  p.  162-163". 

Found  %:  Cl  18.90,  18.86.  CjoHigNCl.  Calculated  %;  Cl  19.11. 

Picrate;  m.  p.  120-124*  (from  anhydrous  alcohol). 

a;-Phenylamylamine  (V).  cu-Phenylvaleric  acid  (VII).  6  g  of  styrylacryllc  acid,  obtained  by  the  Doebner 
method  [12],  was  hydrogenated  in  100  ml  of  anhydrous  alcohol  in  the  presence  of  3  g  of  skeletal  nickel  at  atmos¬ 
pheric  pressure  and  room  temperature.  The  hydrogenation  was  stopped  afterl.470ml  of  hydrogen  had  been  ab¬ 
sorbed,  the  catalyst  removed  by  filtration,  and  after  distilling  off  the  alcohol  we  obtained  5.1  g  (100%)  of  (VII) 
as  colorless  crystals  with  fn.  p.  57.5-58.5".  From  [13],  m.  p.  58-59*. 

cu-Phenylvaleramide  (VIII).  A  mixture  of  5  g  of  (VII)  wltli  3.5  ml  of  thionyl  chloride  was  heated  on  the 
water  bath  for  1  hr,  then  allowed  to  stand  overnight,  the  excess  thionyl  chloride  distilled  off  ,  and  the  residue 
poured  into  20%  aqueous  ammonia  solution;  the  obtained  colorless  crystals  of  (VIII)  were  filtered.  Yield  4.0  g 
(80%);  m.  p.  104-106".  From  [14];  m.  p.  104-105". 

cu-Phenylamylamine  (V).  A  suspension  of  10.2  g  of  (VIII)  in  200  ml  of  ether  was  added  to  a  solution  of 
607  g  of  aluminum  lithium  hydride  in  400  ml  ether  in  1  hr,  the  mixture  stirred  for  another  hour,  and  then  the 
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reaction  was  worked  up  as  described  above.  Fractional  distillation  gave  4.5  (SO^)  of  (V)  with  b.  p.  88-89*  (4  mm), 
n“D  1.5310. 

Found  %:  N  8.32,  8.27.  ChHitN.  Calculated  %:  N  8.58.  From  [11],  b.  p.  131“  (15  mm). 

The  amine  Is  an  oil  with  a  slight  odor  which  slowly  absorbs  carbon  dioxide  from  the  air. 

The  hydrochloride  was  obtained  In  conventional  manner;  colorless  glistening  leaflets  with  m.  p.  150-151* 
(precipitation  from  metfianol  solution  wldi  ether). 

found  <5b:  Cl  17.75,  17.78.  CyHigNCl.  Calculation  Cl  17.77. 

N-Substituted-fl  -chloroproplonamides.  6-Chloroproplonyl  chloride  (0.13  mole)  was  slowly  added,  with 
vigorous  stirring  and  cooling  to  0-5*,  to  a  mixture  of  0.13  mole  of  the  amine  In  100  ml  of  etliyl  acetate  and  a 
solution  of  5.3  g  of  sodium  hydroxide  In  50  ml  of  water.  Then  the  pH  of  the  mixture  was  adjusted  to  7.5-8.0  by 
the  addition  of  a  small  amount  of  caustic,  and  the  stirring  continued  for  another  30-40  min  at  room  temperature. 
The  ethyl  acetate  layer  was  separated,  washed  with  water  until  neutral,  then  dried  over  sodium  sulfate,  the  sol¬ 
vent  vacuum -distilled,  and  the  crystalline  residue  recrystallized  from  either  alcohol  or  petroleum  ether.  The 
data  on  the  compounds  obtained  by  the  described  method  are  summarized  In  the  table. 


N-Substltuted  6  -Chloroproplonamides  (RNHCOCH2CH2CI) 


Amount  In  % 

c 

H 

N 

Cl 

Melting 

8 

R 

2 

point 

"O 

calc. 

calc. 

•0 

rj 

0 

u 

c 

a 

a 

1 

D 

calc 

0 

13 

0 

1 

CgHsCHaCHaClla 

89 

55-570 

63.98, 

63.88 

7.33, 

7.09 

IBB 

H 

15.52, 

15.71 

from  alcohol 

7..'12 

6.13 

2 

CnHsCHaCIIgCHaCna 

87 

45 — 46 

— 

— 

— 

— 

6.16, 

5.84 

14.49, 

14.79 

from  petro- 

6.10 

14.76 

leum 

ether 

G«H5Cll=CHCn2CU., 

77 

— 

— 

— 

— 

5.79, 

5.86 

14.92 

from  alcohol 

5.66 

14.79 

4 

CiiHsCHjCHjCHjClIsClIa 

95 

56-57 
from  petro- 

7.88 

^52 

iCTiia 

IEBm 

13.97 

leum 

ether 

5 

(Ccn5)2CMGH2 

90 

112—113.5 

— 

— 

— 

— 

4.85, 

4.86 

12.41, 

12.;i6 

from  alcohol 

4.62 

12.54 

Hydrogenation  of  N-cu-i^enylbutenyl-0  -chloroproplonamlde.  A  solution  of  0,5  g  of  the  compound  In  10 
ml  of  alcohol  was  hydrogenated  In  the  presence  of  0.2  g  of  palladium -on-barlum  sulfate  at  atmospheric  pressure 
and  room  temperature.  The  hydrogenation  was  stopped  after  the  theoretical  amount  of  hydrogen  had  been  ab¬ 
sorbed,  and  the- usual  workup  gave  0.45  g  (90%)  of  N-tu-phenylbutyl- S -chloroproplonamlde.  RecrystalllzatiLon 
from  alcohol  gave  tfie  compound  as  colorless  crystals  with  m.  p.  44-45*.  The  melting  point  was  not  depressed 
when  tile  compound  was  mixed  with  the  compound  obtained  by  the  acylation  of  6  -phenylbutylamlne. 

N-5  -Phenyllsopropyl-  6  -chloroproplonamlde.  To  a  solution  of  16,2  g  of  dlmethylphenylcarblnol  and  10.5 
g  of6-chloroproplonltrlle  In  30  ml  of  glacial  acetic  acid,  wltii  stirring  and  cooling,  was  slowly  added  6  ml  of 
concentrated  sulfuric  acid,  and  then  the  mixture  was  allowed  to  stand  overnight.  The  two-layer  reaction  mix¬ 
ture  was  poured  Into  500  ml  of  water,  tiie  acid  neutralized  with  soda,  the  product  extracted  with  ether,  the  ether 
extracts  dried  over  magnesium  sulfate,  and  the  ether  removed  by  distillation.  The  residue  was  distilled  at  0.1 
mm,  collecting  the  fraction  with  b.  p.  80-110*,  and  contained  a  crystalline  product  as  Impurity;  the  latter  was 
removed  by  adding  petroleum  ether  to  the  distillate;  yield  1.2  g  (5%).  Colorless  gllstenli^  crystals  with  m.  p. 
90-91*  (from  alcohol). 

found  %;  N  6.10,  6.17;  Cl  15.78,  15.85.  CuHmONCI.  Calculated  %:  N  6.26;  Cl  15.71. 


2440 


SUMMARY 


Some  N-cu-phenylalkyl- 6 -chloroproplonamldes  and  related  compounds  were  syndiesized,  and  their  phar¬ 
macological  activity  was  investigated.  The  acylation  of  the  arylalkylamlnes  with  8 -chloroproplonyl  chloride 
was  run  in  a  two-phase  system  (ethyl  acetate-water)  in  the  presence  of  sodium  hydroxide. 
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REACTION  OF  p  -  H  A  LO  P  HEN  Y  L  H  Y  DR  A  Z  I N  E  S  WITH  ARSENIC  ACID 


O.  A.  Zeide,  S.  M.  Sherlln,  and  A.  B.  Bruker 


Earlier  It  had  been  shown  that  the  reaction  of  arsenic  acid  with  phenylhydrazlne  (In  aqueous  solution),  de¬ 
pending  on  the  experimental  conditions,  gives  In  good  yields  phenylarslne  oxide,  dlphenylarslne  oxide  and  trl- 
phenylarslne  oxide,  provided  the  reaction  Is  run  In  the  presence  of  copper  or  Its  salts  [1]. 

It  seemed  of  Interest  to  us  to  determine  to  what  extent  this  reaction  Is  general  for  the  preparation  of  other 
substituted  arylarslne  oxides.  To  answer  this  we  decided  to  Investigate  the  possibility  of  forming  arylarslne  oxides 
with  halogen  atoms  in  the  para-posltlon  to  the  arsenic  radical.  For  this  purpose  we  reacted  p-chloro-,  p-bromo- 
and  p-fluorofrfienylhydrazlne  with  arsenic  acid. 

The  proper  hydrazine  was  gradually  added  with  stirring  to  a  heated  water  solution  of  arsenic  acid,  to  which 
copper  bronze  had  been  previously  added. 

It  proved  that  both  p-chloro-  and  p-bromo phenylhydrazlne  react  In  normal  manner,  similar  to  phenyl-  and 
tolylhydrazlne,  and  give  the  corresponding  substituted  arylarslne  oxides  as  the  final  product.  After  tlie  workup, 
described  In  detail  In  the  Experimental  section,  we  Isolated  (p-chlorophenyl)  dlchloroarslne  and  chlorodl-(p- 
chloro phenyl)  arsine.  In  the  reaction  with  the  bromophenylhydrazlne  we  Isolated  chlorodl-(p-bromophenyl)  ar¬ 
sine,  which  In  turn  was  converted  to  the  corresponding  acid  by  oxidation  with  hydrogen  peroxide. 

With  this  metiwd  we  were  also  able  to  obtain  chlorodl-(p-fluotophenyl)  arsine  from  p-fluorophenylhydra- 
zlne,  which  on  subsequent  oxidation  was  converted  to  the  corresponding  dl-(p-fluorophenyl)  arsenic  acid. 

Mention  should  be  made  of  some  of  the  properties  of  the  fluoro-substltuted  aromatic  arsenic  compounds. 
Thus,  chlorodl-(p-fluorophenyl)  arsine  Is  much  more  difficult  to  oxidize  than  the  corresponding  chlorophenyl  and 
bromophenyl  derivatives. 

Hydrogen  peroxide  is  a  poor  oxidizing  agent  here,  and  we  were  able  to  obtain  much  better  results  by  using 
nitric  acid  (d  1.4)  as  the  oxidizing  agent. 

I;  Is  Interesting  to  mention  that  the  constants  of  the  p-fluoro  derivatives  of  arylarsenlc  compounds  prove 
to  be  very  close  to  the  corresponding  constants  of  the  phenyl  derivatives  of  arsenic. 

EXPERIMENTAL 

Oxidation  of  p-chloro(^enylhydrazlne  with  arsenic  acid.  To  a  solution  of  70  g  of  arsenic  acid  In  210  ml 
of  water,  heated  to  70*,  to  which  3  g  of  copper  bronze  had  been  previously  added,  was  gradually  added  with  good 
stirring  40  g  of  p-chloro(rfienylhydrazlne.  The  reaction  was  ended  in  2  hrs,  and  here  a  heavy  oil  collected  on  the 
bottom  of  the  flask.  The  water  layer  was  decanted  from  the  oil,  and  the  oil  was  shaken  with  fuming  hydrochloric 
acid  to  convert  the  arsenic  oxides  to  the  chlorides.  The  (p-chloro(rfienyl)  dlchloroarslne  and  chlorodi-(p- chloro¬ 
phenyl)  arsine  obtained  here  were  then  fractionally  distilled. 

Two  fractions  were  collected:  1st,  160-170“  (20  mm),  6  g,  and  2nd,  180-240*  (20  mm)  (main  portion 
distilled  at  225“),  17  g.  At  atmospheric  pressure  the  1st  fraction  distilled  mainly  at  277“,  which  corresponds  to 
the  boiling  point  of  (p-chloro[rfienyl)  dlchloroarslne.  For  further  Identification  the  chloride  was  hydrolyzed  with 
aqueous  ammonia  solution.  The  thus  obtained  oxide  after  recrystallization  from  benzene  had  m.  p.  184“,  which 
corresponds  to  die  melting  point  of  p-chlorophenylarsine  oxide.  The  2nd  fraction  was  redistilled  and  boiled  at 
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225“  (15  mm).  The  distillate  on  cooling  solidified  to  a  crystalline  mass  witli  m.  p.  51*  (from  the  literature  [4], 
m.  p.  51“). 

Oxidation  of  p-bromophenylhydrazlne  with  arsenic  acid.  The  experiment  was  run  using  the  conditions 
described  above.  The  following  fractions  were  collected:  1st,  117-130*  (0.4-0.8  mm),  7.8  g,  and  2nd,  138-165* 
(0.4-0. 8  mm),  9.0  g. 

To  effect  a  better  separation  of  the  primary  and  secondary  arsenic  compounds,  both  fractions  were  oxidized 
with  hydrogen  peroxide  and  converted  to  the  corresponding  acids.  After  recrystallization  of  the  products  of  the 
oxidation  of  the  1st  fraction  from  alcohol  we  obtained  colorless  crystals  of  p-brornophenylarsenlc  acid,  which 
proved  to  be  difficultly  soluble  In  water,  alcohol  and  other  organic  solvents,  and  did  rwt  melt  when  heated  to 
280*.  Tlie  oxidation  product  of  the  2nd  fraction  proved  to  be  dl-(p-bromo phenyl)  arsenic  acid.  It  crystallizes 
from  boiling  alcohol  as  colorless  prisms  (m.  p.  186-187*),  and  Is  very  difficultly  soluble  In  water,  acetone,  chloro¬ 
form  and  petroleum  etiier. 

Found  %:  As  17.80.  Cj2H902Br2As.  Calculated  <^n-.  As  17.86. 

To  obtain  the  pure  chloride  we  took  the  dl-(p-bromo phenyl)  arsenic  acid  and  converted  It  to  the  chloride 
by  reduction  with  sulfur  dioxide  in  concentrated  hydrochloric  acid  In  the  presence  of  potassium  iodide.  The  ob¬ 
tained  oil  solidified  and  was  recrystallized  from  alcohol.  The  chloride  was  obtained  as  well-sliaped  crystals  with 
m.  p.  57-58*. 

Found  As  17.50.  C^HgClBrjAs.  Calculated  As  17.75. 

Oxidation  of  p-fluorophenylhydrazlne  wltfi  arsenic  acid.  The  starting  product  for  tlie  preparation  of  p-fluoro- 
phenylhydrazlne  was  p-fluoronitrobcnzene,  which  we  obtained  by  reacting  a  concentrated  solution  of  p-nltroben- 
zenediazonium  sulfate  widi  concentrated  hydrofluoric  acid  at  tlie  boil  [2].  However,  the  conditions  for  die  diazo- 
tization  of  p-nitroanlllne,  recommended  by  Holleman  and  Beekman  to  obtain  a  concentrated  solution  of  the  dla- 
zonlum  sulfate,  give  much  difficulty  in  that  each  drop  of  die  nitrite  causes  a  slight  explosion.  Consequently,  we 
were  forced  to  run  the  diazotization  in  less  concentrated  media,  which  proved  to  be  more  practical.  The  iluoro- 
nitrobenzene  was  converted  to  the  fluorophenylhydrazine  dirough  p-fluoroaniline  [3].  Then  31  g  of  p-fluoro¬ 
phenylhydrazlne  was  oxidized  with  a  hot  solution  of  71  g  of  arsenic  acid  in  213  ml  of  water  under  die  conditions 
described  in  the  preceding  experiment.  The  obtained  organoarsenic  oxides  were  then  converted  to  the  chlorides, 
and  after  the  usual  workup,  the  lattter  were  fractionally  distilled  at  12  mm,  where  the  following  fractions  were 
collected:  1st,  132-150*  (mostly  at  140-145*),  4  g;  2nd,  160-170*  (mostly  at  162-164®),  12  g;  and  3rd,  170-176®, 
5.2  g. 

To  obtain  complete  separation,  die  different  chloride  fractions  were  converted  to  the  acids.  Very  little 
reaction  occurred  when  we  attempted  to  oxidize  the  2nd  fraction  with  hydrogen  peroxide;  vigorous  reaction  oc¬ 
curred  when  we  used  nitric  acid  (d  1.4)  and  a  solid  product  was  formed.  Recrystalllzatlon  of  die  solid  from  a 
large  volume  of  boiling  water  gave  long  colorless  prismatic  crystals  with  m.  p.  136-138*.  TThe  compound  is  very 
difficultly  soluble  in  cold  water,  and  readily  soluble  in  hot  alcohol. 

Based  on  the  analysis  data,  the  compound  proved  to  be  di-(p-fluorophenyl)arsonlc  acid. 

Found  %:  As  24.80.  Cj2H902F2As.  Calculated  ’^o:  As  25.17. 

To  obtain  chlorodi-(p-fluorophenyl)  arsine  the  recrystallized  acid  was  converted  to  the  chloride  by  reduc¬ 
tion  with  sulfur  dioxide  in  strong  hydrochloric  acid.  The  obtained  oil  distilled  at  156-157*  at  13  mm.  On  cool¬ 
ing  the  oil  solidified  and  after  recrystallization  from  alcohol  was  obtained  as  colorless  crystals  with  m.  p.  39*. 

Founder  Cl  11.86.  C12H8F2CIAS.  Calculated  <7o:  Cl  11.76. 

SUMMARY 

On  tlie  examples  of  p-Br-,  p-Cl-  and  p-F-phenylhydrazines  it  was  shown  tliat  the  preparation  of  organo¬ 
arsenic  compounds  from  arylhydrazines  and  arsenic  acid  in  die  presence  of  metallic  copper  is  a  general  reaction. 
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NEW  METHOD  FOR  THE  PREPARATION  OF  ORG  A  NO  A  RSENI C  COMPOUNDS  BY 


THE  OXIDATION  OF  A  MIXTURE  OF  PHENYLHY  DRAZ INE  AND  ARSENIC 
TRICHLORIDE  WITH  ATMOSPHERIC  OXYGEN  IN  THE  PRESENCE  OF 

CUPRIC  CHLORIDE 

A.  B.  Bruker  and  N,  M.  Nikiforova 


Wleland  and  Madelung  [1],  In  oxidizing  phenylhydrazlne  with  phenylarsenlc  and  diphenyl  arsenic  acid,  ob¬ 
tained  trlphenyl arsine.  Attempts  to  Isolate  organoarsenlc  compounds  when  phenylhydrazlne  was  oxidized  with 
arsenic  acid  proved  unsuccessful. 

Zelde,  Sherlln  and  Bras  [2],  on  reacting  phenyl-  or  tolylhydrazlne  In  aqueous  solution  with  arsenic  acid 
In  the  presence  of  copper  or  Its  salts,  obtained  a  mixture  of  phenyl-  or  tolylarslne  oxide,  diphenyl-  or  dltolyl- 
arslne  oxide  and  trlphenyl-  or  trltolylarslne.  This  same  method  was  also  used  to  obtain  the  p-chloro-,  p-bromo- 
and  p-fluorophenylarsenlc  compounds  [3]. 

In  a  paper  by  Bruker  and  Makllaev  [4]  on  the  role  of  copper  In  obtaining  aromatometalllc  compounds  by 
either  the  dlazo  or  hydrazlno  reaction  It  was  shown  that  If  an  Inorganic  arsenic  compound  Is  the  starting  product, 
then  to  obtain  aromatoarsenlc  com  ponds  It  is  necessary  to  have  copper  present.  If  it  is  aromatic  arsenic  com¬ 
pounds  that  are  subjected  to  arylation,  then  this  reaction  also  goes  in  the  absence  of  a  special  catalyst.  Con¬ 
sequently,  the  difference  between  the  reaction  of  Zelde,  Sherlln  and  Bras  and  that  of  Wleland  and  Madelung  con¬ 
sists  only  In  the  use  of  copper  or  Its  salts  as  catalyst. 

In  previous  papers  we  have  described  a  new  method  for  the  preparation  of  aromatic  compounds  of  antimony, 
consisting  in  the  reaction  of  an  arylhydrazine  with  antimony  trichloride  [5]  or  with  antimony  pentachloride  [6]  in 
hydrochloric  acid  medium  in  the  presence  of  cupric  chloride,  in  which  connection  atmospheric  oxygen  is  the  oxi¬ 
dizing  agent  in  this  reaction. 

In  the  present  paper  our  goal  was  to  investigate  the  possibility  of  obtaining  aromatoarsenlc  compounds  by 
the  same  method  that  we  used  earlier  to  synthesize  aromatoantimony  compounds.  Actually,  when  phenylhydra- 
zlne  hydrochloride  (1  mole)  was  reacted  with  arsenic  trichloride  (1  mole)  in  hydrochloric  acid  medium  In  the 
presence  of  cupric  chloride  and  atmospheric  oxygen  we  obtained  phenyldlchloroarsine  in  58-65*70  yield  (based  on 
arsenic  trichloride). 

The  formation  of  phenyldlchloroarsine  In  this  reaction  can  be  depicted  as  follows:  phenylhydrazlne  hydro¬ 
chloride  is  oxidized  by  atmospheric  oxygen  in  the  presence  of  cupric  chloride  to  benzenediazonium  chloride,  and 
the  latter  then  reacts  with  arsenic  trichloride  to  give  the  intermediate  binary  compound. 

CrtHsNlFNMa.  nCl  + AsClg  CnllnNoCl  •  AsrJa  +  2l[20 

A  second  molecule  of  phenylhydrazlne  reduces  the  binary  compound  to  phenyldlchloroarsine,  and  Is  itself 
oxidized  to  benzenediazonium  chloride. 


^CflllnNaCl  •  AsCl3  +  C,,llr,NnNIl2  •  UGl  — — ' 


2C„iIr,AsGl2  4-  ColIgNoCl  +  2N2  +  41101 
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The  following  facts  serve  as  proof  of  this.  Phenyldlchloroarslne  Is  formed  when  phenylhydrazlne  hydrochlor¬ 
ide  Is  reacted  under  the  above- described  conditions  with  the  binary  compound  CeHsNjCl  •  ASCI3,  obtained  directly 
from  benzenedlazonium  chloride  and  arsenic  trichloride.  As  regards  the  Indicated  Intermediate  binary  compound, 
then  we  found  It  Impossible  to  Isolate  It  from  tlie  reaction  mixture  obtained  In  the  reaction  with  phenylhydrazlne. 
However,  as  evidence  that  it  is  formed  Is  the  fact  that  the  binary  compound  C10H7N2CI  •  ASCI3  is  obtained  when 
0 -naphthylhydrazlne  is  reacted  widi  ASCI3  under  similar  conditions. 

Together  with  phenyldichloroarsine,  diphenylchloroarsine  is  formed  In  die  reaction  of  arsenic  trichloride 
with  phenylhydrazlne  and  benzenedlazonium  chloride. 

The  fomiation  of  diphenylchloroarsine  In  this  reaction  Is  apparently  due  to  the  fact  that  phenyldichloro¬ 
arsine,  partially  dissolving  in  the  aqueous  hydrochloric  acid  reaction  solution,  gives  the  binary  compound 
C5H5N2CI  •C6H5ASCI2  with  benzenedlazonium  chloride,  which  is  then  reduced  by  phenylhydrazlne  to  diphenyl¬ 
chloroarsine. 


C6II5N2CI  -fCJI-AsCIa  C0II5N2GI  .  CuHsAsCla, 

^CgllsNoCI  •  CRHsAsCla  +  CoHsNIINlIa  ■  HCl  —X 
—*  2(C„II.-,)2As(':I  +  QillaNaCl  +  2N2  -1->IIIC1 

It  could  be  postulated  diat  if  the  reaction  was  '■un  In  alcoholic  hydrochloric  acid  medium,  in  which  phenyl¬ 
dlchloroarslne  Is  much  more  soluble  than  In  aqueous  hydrochloric  acid  solution,  then  the  yield  of  diphenylchloro¬ 
arsine  should  increase  due  to  the  fact  that  here  more  favorable  conditions  exist  for  the  formation  of  the  binary 
compound  CgHsNjCl  •  CgHgAsClj. 

Actually,  a  mixture  of  phenyldichloroarsine  and  diphenylchloroarsine,  with  a  predominance  of  the  diphenyl¬ 
chloroarsine,  Is  formed  when  piienylhydrazine  hydrochloride  (2.2  moles)  is  reacted  with  arsenic  trichloride  (1  mole), 
or  when  a  mixture  of  phenylhydrazlne  hydrochloride  and  benzenedlazonium  chloride  is  reacted  with  arsenic  tri¬ 
chloride,  In  alcoholic  hydrochloric  acid  medium  in  the  presence  of  cupric  chloride  and  atmospheric  oxygen. 

The  results  of  our  experiments.  In  which  the  reaction  of  benzenedlazonium  chloride  with  phenyldichloro¬ 
arsine  In  alcoholic  hydrochloric  acid  medium  gave  the  binary  compound  of  benzenedlazonium  chloride  and  phenyl¬ 
dichloroarsine  C6H5N2CI  •  C6H5ASCI2,  from  which  secondary  aromatoarsenic  compounds  are  subsequently  formed, 
can  serve  as  evidence  that  the  formation  of  secondary  aromatoarsenic  compounds  goes  through  the  binary  compound 
of  type  ArN2Cl  •  ArAsCl2. 

Since  diphenylchloroarsine  is  practically  Insoluble  in  alcohol  hydrochloric  acid  medium.  It  fails  to  react 
with  benzenedlazonium  chloride  to  give  the  binary  compound  (C6H5)2AsCl  •C6H5N2CI,  from  vrtiich  It  Is  possible 
to  obtain  tertiary  arsines.  This  Is  probably  the  reason  why  we  were  unable  to  find  any  tertiary  arsines  in  the  reac¬ 
tion  mass  when  using  our  method. 

Consequently,  the  mechanism  proposed  by  us  earlier  for  the  formation  of  aromatic  compounds  of  arsenic 
and  antimony  via  the  dlazo  reaction  [7]  is  again  confirmed  In  the  present  study. 

EXPERIMENTAL 

I.  Reaction  of  arsenic  trichloride  with  phenylhydrazlne  in  hydrochloric  acid  medium  in  the  presence  of  cata¬ 
lysts  and  atmospheric  oxygen.  Into  a  500-ml  flask,  fitted  with  seal-stirrer,  two  spargers  and  a  reflux  condenser, 
was  charged  arsenic  trichloride  (18  g),  hydrochloric  acid  (80  ml,  d  1.19),  phenylhydrazlne  (11  g),  water  (225  ml) 
and  catalysts  (0.5  g  of  cupric  chloride  and  3  g  of  ferric  chloride).  The  stirrer  was  turned  on,  and  the  top  of  the 
reflux  condenser  was  connected  to  a  water-jet  pump  to  suck  air  through  the  reaction  mixture.  The  heavy  oil  that 
separated  after  stirring  for  36  hrs  was  separated  from  the  liquid.  The  crude  phenyldichloroarsine  weighed  15  g 
(65.5%,  based  on  arsenic  trichloride).  Vacuum -distillation  gave  13  g  (58%,  based  on  arsenic  trichloride)  of  phenyl¬ 
dichloroarsine  with  b.  p.  116"  (6  mm). 

II.  Preparation  of  binary  compound  of  fl -naphthalenedlazonlum  chloride  with  arsenic  trichloride  from 

fl -naphthylhy^azlne  hydrochloride  and  arsenic  trichloride  in  hydrochloric  acid  medium.  To  a  solution  of  6.6  g 
of  arsenic  trichloride  in  100  ml  of  hydrochloric  acid  (d  1.19)  was  added  0.5  g  of  cupric  chloride  and  0.5  g  of  ferric  | 
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chloride.  When  tlie  arsenic  trichloride,  cupric  chloride  and  ferric  chloride  had  dissolved,  4  g  of  6 -naphthylhydra- 
zlne  hydroehloride  was  added  in  small  portions  and  with  good  stirring.  After  stirring  for  an  hour  a  test  with  6  - 
naphthol  gave  the  diazo  reaction.  The  stirring  was  continued  for  45  hrs.  The  obtained  yellow-green  precipitate 
was  suction- filtered,  and  then  washed  with  hydrochloric  acid  (d  1.19)  and  absolute  ether.  Yield  7.2  g  (64%,  based 
on  arsenic  trichloride). 

Found  %:  As  19.81,  19.35;  N  6.92,  7.21;  Cl  38.05,  38.93.  C10H7CI4N2AS.  Calculated  %;  As  20.17; 

N  7.53;  Cl  38.70. 

Decomposition  of  the  binary  compound  with  dilute  ammonia  solution  gave  6 -naphthyl arsenic  acid  (yield 
about  50%),  which  when  reduced  with  SO2  in  hydrochloric  acid  medium  gave  8  -naphthyldlchloroarsine  with 
m.  p.  67-68*. 

III.  Preparation  of  a  mixture  of  phenyldichloroarsine  and  dtphenylch  loro  arsine,  a)  Preparation  of  binary 
compound  C6HSN2CI  •  AsCla.  *  Arsenic  trichloride  (36.6  g)  was  added  with  stirring  to  a  solution  of  25.9  g  of  aniline 
hydrochloride  In  130  ml  of  anhydrous  alcohol.  The  obtained  mixture  was  dlazotlzed  under  cooling  (1-3®)  wltli 
Isoamyl  nitrite  (23.3  g).  The  reaction  was  run  in  a  closed  vessel,  fitted  with  a  mercury-seal  stirrer,  dropping  fun¬ 
nel  and  reflux  condenser.  After  diazotization  the  reaction  mass  was  stirred  for  10  min.  Then  the  filtrate  was 
removed  by  rapid  suction- filtration,  while  the  precipitate  was  washed  several  times  with  absolute  ether  and  then 
dried  In  a  desiccator  over  sulfuric  acid.  The  yield  of  product  was  44.1  g  (65%  based  on  arsenic  trichloride). 

Found  %:  As  23.02,  22.55;  N  8.63,  8.55.  C6H5CI4N2AS.  Calculated  %:  As  23.29;  N  8.70. 

The  compound  was  obtained  as  a  white  crystalline  powder,  which  soon  turned  yellow.  It  gives  the  diazo 
reaction  with  8 -naphthol.  On  standing  it  suffers  partial  decomposition,  accompanied  by  the  formation  of  chloro¬ 
benzene.  M.  p.  83-85®  (with  decomp.).  The  compound  is  soluble  in  water,  hydrochloric  acid  and  alcohol,  and 
Insoluble  in  absolute  ether.  It  decomposes  with  the  evolution  of  nitrogen  in  the  presence  of  copper  in  alcohol, 
acetone  or  glacial  acetic  acid,  and  also  when  heated  with  dilute  hydrochloric  acid  or  water. 

b)  Decomposition  of  the  complex  CeHsN^Cl » AsClg  In  order  to  obtain  aromatoarsenic  compounds.  A  mix¬ 
ture  ofblnary  compound  C6H5N2CI  •  ASCI3  (22  g)  and  cupric  chloride  (0.2  g)  was  dissolved  in  dilute  hydrochloric 
acid  (1 : 3)  in  an  open  flask  with  stirring.  Then  phenylhydrazine  hydrochloride  (9  g)  was  added  to  the  solution  and 
the  reaction  mass  was  stirred  for  20  hrs.  The  oily  product  (14  g)  was  separated  from  the  liquid.  The  oil  was  dis¬ 
solved  in  hot  alcohol  (60  ml).  The  alcohol  solution  was  then  added  to  125  ml  of  5%  ammonia,  and  the  obtained 
mass  of  oxides,  after  separation  from  the  liquid,  was  treated  with  hot  concentrated  hydrochloric  acid  (50  ml, 
d  1.19).  The  weight  of  the  product  after  treatment  was  8.7  g.  Fractional  distillation  gave  two  fractions;  1st, 
phenyldichloroarsine,  127-129®  (13  mm),  4.3  g;  and  2nd,  di phenyl chloroarsine,  172-175®  (11  mm),  4.2  g.  The 
2nd  fraction  crystallized  when  cooled  and  seeded.  After  recrystallization  from  alcohol  the  product  had  m.  p. 
38-39®.  The  yield  of  distilled  diphenylchloroarsine  was  25.6%  (based  on  arsenic  trichloride).  The  yield  of 
distilled  phenyldichloroarsine  was  31.1%  (based  on  arsenic  trichloride). 

IV.  Reaction  of  arsenic  trichloride,  benzenedlazonium  chloride  and  phenylhydrazine  hydrochloride  In  hydro¬ 
chloric  acid  medium  in  the  presence  of  catalysts,  a)  Preparation  of  the  binary  compound  CgHsN-^l .  ASCI3  and 

Its  solution.  A  solution  of  benzenediazonium  chloride  was  added  in  drops  to  a  mixture  of  arsenic  trichloride 
(18.1  g)  and  hydrocliloric  acid  (50  ml,  d  1.19).  The  obtained  precipitate  of  binary  compound  C6H5N2CI  •  ASCI3 
was  dissolved  by  die  addition  of  dilute  hydrochloric  acid  (200  ml). 

b)  Preparation  of  phenyldichloroarsine  and  diphenylchloroarsine.  The  solution  obtained  in  a)  was  treated 
with  12  g  of  prfienylhydrazine  hydrochloride  and  1  g  of  ferric  chloride.  Then  a  solution  of  0.5  g  of  cupric  chloride 
In  10  ml  of  hydrochloric  acid  (1:2)  was  added  in  20  min.  The  reaction  was  run  with  cooling  and  stirring.  After 
stirring  for  12  hrs  the  oily  product  was  separated  from  the  liquid.  The  oil  weighed  25  g.  The  oil  was  treated 
with  50  ml  of  benzene,  and  the  benzene  solution  was  dried  over  calcium  chloride.  After  removal  of  the  benzene 
by  distillation  tlie  residue  was  vacuum -distilled:  1st  fraction,  phenyldichloroarsine,  130-135®  (10-12  mm),  15.4  g; 
2nd  fraction,  diphenylchloroarsine,  165-170®  (10-12  mm),  3  g.  The  yield  of  distilled  phenyldichloroarsine,  based 
on  arsenic  trichloride,  was  69.5%.  The  yield  of  diphenylchloroarsine  was  11.3%. 


•  Done  jointly  widi  N.  M.  Korneichuk. 


2447 


V.  Reaction  of  arsenic  trichloride  with  phenylhydrazine  hydrochloride  in  alcohol-hydrochlorlc  acid  me¬ 
dium  in  the  presence  of  cupric  chloride.  The  experiment  was  run  using  the  same  apparatus  as  in  Expt.  I.  Into 
the  reaction  flask  was  charged  water  (150  ml),  hydrochloric  acid  (50  rnl,  d  1.19),  arsenic  trichloride  (18  g), 
(^enylhydrazine  hydrochloride  (33  g),  alcohol  (200  ml)  and  cupric  chloride  (1  g).  The  reaction  was  run  at  50* 
with  the  passage  of  air  through  the  mixture.  After  stirring  for  39  hrs  the  oily  product  was  separated  from  the 
alcohol-hydrochloric  acid  solution.  The  crude  product  weighed  15  g.  Vacuum-distillation  gave  two  fractions: 

1st  (phenyldichloroarsine),  130*  (10  mm),  3.3  g;  2nd  (diphenylchloroarsine),  202-220*  (16  mm),  7.3  g.  The  2nd 
fraction  crystallized  on  cooling,  and  the  crystals  melted  at  36*.  The  yield  of  distilled  phenyldichloroarsine,  based 
on  arsenic  trichloride,  was  14.8%.  The  yield  of  distilled  dlfhenylchloroarslne,  also  based  on  arsenic  trichloride, 
was  28%. 

VI.  Reaction  of  arsenic  trichloride,  benzenediazonium  chloride  and  phenylhydrazine  hydrochloride  in  the 
presence  of  catalysts.  A  mixture  of  arsenic  trichloride  (18.1  g)  and  hydrochloric  acid  (50  ml,  d  1.19)  was  charged 
into  a  stoppered  flask,  fitted  with  a  seal-stirrer  and  a  wide  tube  for  adding  the  reactants.  The  mixture  was  cooled 
to  2-3*  and  then  a  solution  of  benzenediazonium  chloride,  obtained  by  the  diazotization  of  9.3  g  of  aniline  with 

a  solution  of  7.5  g  of  sodium  nitrite  in  13  ml  of  water  and  dilute  hydrochloric  acid  (26  ml  of  hydrochloric  acid 
and  30  ml  of  water),  was  added  in  drops  with  stirring.  The  formation  of  a  precipitate  was  observed  here,  the  color 
of  which  ranged  from  yellowish  to  pink. 

Phenylhydrazine  (12  g),  methyl  alcohol  (250  ml)  and  ferric  chloride  (1  g)  were  then  added  to  the  reaction 
mixture.  The  reaction  was  run  with  cooling  and  stirring.  A  solution  of  cupric  chloride  (0.5  g  in  10  ml  of  hydro¬ 
chloric  acid;  1 :  2)  was  added  to  the  reaction  mass  in  15-20  min.  After  stirring  for  6  hrs  the  oily  product  was  se¬ 
parated  from  the  liquid  and  washed  several  times  with  2% hydrochloric  acid.  Ihe  crude  product  weighed  16.3  g. 
The  product  was  treated  with  50  ml  of  benzene,  and  the  benzene  solution  was  dried  over  cal¬ 
cium  chloride.  The  benzene  was  distilled  off  and  the  residue  was  vacuum -distilled:  1st  fraction,  phenyldichloro¬ 
arsine,  130-135*  (10-15  mm),  1.8  g  (8%,  based  on  taken  ASCI3);  2nd  fraction,  diphenylchloroarsine,  178-182" 

(10-12  mm),  10.6  g  (40%,  based  on  taken  ASCI3). 

VII.  Reaction  of  benzenediazonium  chloride  and  phenyldichloroarsine  in  alcoholic  medium.  *  a)  Prepara¬ 
tion  of  binary  compound  C6H5N2CI  »C6l^AsCl2.  Phenyldichloroarsine  (16.5  g)  was  added  with  stirring  to  an  alco¬ 
hol  solution  of  6.5  g  of  aniline  hydrochloride.  The  solution  was  cooled  to  3*  and  then  diazotlzed  with  6.8  g  of 
amyl  nitrite.  The  obtained  pink  crystalline  precipitate  was  suction- filtered  rapidly,  washed  3  times  wlfli  absolute 
ether,  and  dried  in  a  vacuum-desiccator.  The  obtained  binary  compround  weighed  6.5  g.  The  odorless,  cream- 
colored  crystals  partially  decomposed  on  standing  with  the  liberation  of  chlorobenzene.  The  binary  compound 
C5H5N2CI  •C5ll^AsCl2  is  soluble  in  ethyl  and  methyl  alcohols,  and  difficultly  soluble  in  carbon  tetrachloride,  ace¬ 
tone  and  chloroform.  M.  p.  88-90"  (with  decomp.). 

Found  %:  Cl  28.64,  29.02;  As  19.23,  18.70;  N  7.54,  8.31,  8.06.  CuHioClgNjAs.  Calculated  %:  Cl  29.30; 
As  20.64;  N  7.69. 

b)  Preparation  of  diphenyl  arsenic  acid  from  binary  compound  CsHsNaCl  •C6HsAsCl2.  The  binary  compound 
C6H5N2CI  •C6H5ASCI2  (1.6  g)  was  added  gradually  to  a  solution  of  3  g  of  sodium  bicarbonate  in  100  ml  of  water. 

The  reaction  was  accompanied  by  the  evolution  of  nitrogen.  On  conclusion  of  reaction  the  solution  was  evaporated 
to  a  volume  of  75  ml.  Altered,  and  the  flltrate  acidified  with  hydrochloric  acid.  The  obtained  precipitate  of  di- 
phenylarsenlc  acid  weighed  0.65  g,  and  after  recrystallization  from  water  had  m.  p.  173*.  Yield  56.5%  (based  on 
arsenic). 

Vin.  Preparation  of  diphenylchloroarsine  from  phenyldichloroarsine  and  benzenediazonium  chloride  with¬ 
out  isolation  of  the  binary  compound  CeF^N^Cl  •  CeHsAsClg.  A  solution  of  8  g  of  aniline  hydrochloride  in  15  ml 
of  hydrochloric  acid  (d  1.19)  and  20  ml  of  ethyl  alcohol  was  diazotlzed  under  cooling  and  stirring  with  a  solution 
of  5  g  of  sodium  nitrite  in  10  ml  of  water.  Then  12.4  g  of  phenyldichloroarsine,  0.3  g  of  copper  sulfate  and  2% 
sodium  hydroxide  solution  was  gradually  added  to  the  benzenediazonium  chloride  until  the  reaction  was  neutral. 
The  evolution  of  nitrogen  was  observed  here.  Caustic  was  then  added  until  the  reaction  was  alkaline  and  after 
stirring  for  12  hrs  the  mixture  was  Altered  and  the  Altrate  acldifled  with  5  N  hydrochloric  acid.  The  obtained 
precipitate  of  phenylarsenic  acid  was  suction- filtered.  Yield  8.5  g  (61%).  The  acid  was  reduced  with  sulfur 
dioxide  in  hydrochloric  acid  medium  (in  the  presence  of  KI).  We  obtained  7.12  g  (48.5%)  of  dipher.ylchloro ar¬ 
sine  with  m.  p.  36*. 

•  Done  jointly  with  O.  O.  Kovtun. 
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IX.  Reaction  of  binary  compound  CeHsNgCl  •  AsClg  with  phenylhydrazlne  hydrochloride  In  alcohol-hydro¬ 
chloric  acid  medium  In  the  presence  of  cupric  chloride  and  ferric  chloride.  The  reaction  was  run  In  the  apparatus 
described  In  Expt.  I.  A  solution  of  binary  compound  CgHsNjCl  •  ASCI3  (16  g),  cupric  chloride  (0.5  g)  and  ferric 
chloride  (1.5  g)  In  dilute  hydrochloric  acid  (150  ml,  1 :  3)  was  prepared.  Phenylhydrazlne  hydrochloride  (7.2  g) 
was  then  gradually  added  to  the  obtained  solution  with  stirring.  The  reaction  mixture  was  stirred.  Alcohol  (150 
ml)  was  gradually  added  through  a  dropping  funnel.  After  vigorous  stirring  for  4  hrs  the  reaction  mixture  was  al¬ 
lowed  to  stand  overnight.  The  obtained  oil  was  separated  from  the  liquid.  The  crude  product  weighed  8.6  g. 

The  product  crystallized  In  a  cooling  mixture,  but  melted  at  room  temperature.  The  crude  product  was  dissolved 
in  hot  alcohol  (60  ml)  and  then  hydrolyzed  with  5%  ammonia  (80  ml)  with  shaking.  The  obtained  red  mass  of 
oxides  was  treated  with  30%  caustic  (15  ml)  with  heating  to  90“.  The  Insoluble  dlphenylarslne  oxide  was  separated, 
and  then  washed  In  the  cold  with  30%  caustic  and  water.  The  yield  of  dlphenylarslne  oxide  was  5  g  (42.5%,  based 
on  ASCI3). 

From  5  g  of  [(C6H5)2As]20  we  obtained  3.6  g  (27.5%,  based  on  ASCI3)  of  dlphenylchloroarslne  with  m.  p.  37". 
Dilution  of  the  alkaline  filtrate  with  water,  followed  by  acidification  until  weakly  acid,  gave  1.3  g  (15.5%,  based 
on  Inorganic  arsenic)  of  phenylarslne  oxide.  From  1.3  g  of  CsHjAsO  we  obtained  0.9  g  (8.1%,  based  on  consumed 
ASCI3)  of  phenyldlchloroarsine. 

SUMMARY 

It  was  shown  that  the  reaction  of  phenylhydrazlne  and  arsenic  trichloride  in  hydrochloric  acid  medium  in 
the  presence  of  cupric  chloride  and  atmospheric  oxygen  yields  primary  and  secondary  aromatoarsenic  compounds. 

A  mechanism  for  the  reaction  was  postulated  and  verified  experimentally. 
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PREPARATION  OF  ESTERS  OF  F  L  UO  RO  A  N  T IMO  N 10  U  S  AND  F  LU  O  RO  T  I T  A  N IC 
ACIDS  BY  TREATMENT  OF  THE  COMPLETE  ESTERS  OF  THESE  ACIDS 


WITH  ANTIMONY  TRIFLUORIDE 

A.  B.  Bruker,  R.  I.  Frenkel',  and  L.  Z.  Soborovskli 


In  the  series  of  esters  of  titanic  and  antlmonlous  acids,  complete  esters  of  these  acids  and  certain  chloro-, 
bromo-,  and  lodo-derlvatives  of  titanium  and  antimony  have  been  described.  Alkoxy  titanium  fluorides  and 
alkoxyfluorostlbines  have  not  been  described  up  to  now. 

In  the  present  work  the  reactions  of  antimony  trlfluorlde  with  the  complete  esters  of  titanic  and  antlmonlous 
acids  were  studied;  as  we  showed,  they  led  to  the  formation  of  alkoxytltanlum  fluorides  and  alkoxyfluorostlbines. 

Similar  reactions  (the  opposite  of  the  disproportionation)  have  been  widely  used  for  the  preparation  of  alkoxy- 
chloro-derlvatives.  In  particular,  the  preparation  of  various  alkoxytitanium  chlorides  through  the  reaction  of  ti¬ 
tanium  tetrachloride  with  alkyl  orthotitanates  has  been  described  by  A.  N.  Nesmeianov,  R.  Kh.  Freldlina,  and 
co-workers  [1]. 

We  found  that  in  the  reaction  of  antimony  trifluoride  with  alkoxystlblnes,  dialkoxyfluorostibines  of  the 
type  (R0)2SbF  (where  R  =  C2H5,  iso-CsHj)  could  be  obtained  in  satisfactory  yields.  In  this  case  it  was  established 
that  double  compounds  having  the  hypothetical  structure  Sb(0R)3  •  3Sb(OR)2F  can  be  isolated  as  intermediate  pro¬ 
ducts  of  this  reaction;  on  subsequent  heating  in  vacuo  these  compounds  dissociate  and  give  a  dialkoxyfluorostib- 
Ine  and  a  trialkoxystlbine,  which  are  separated  by  distillation. 

Thus  on  heating  a  mixture  of  triethoxystlblne  (3  moles)  and  antimony  trifluoride  (1  mole)  to  150®,  there 
was  isolated  a  solid,  homogeneous  product  melting  at  56-59*  and,  according  to  analytical  data,  corresponding  to 
the  composition 


SbF,T3Sb(OC2H5)3 


(1) 


Ftowever,  a  closer  study  of  this  product  made  it  possible  to  propose  a  structure  for  it,  corresponding  to  the 
double  compound 


Sb(OC2H5)3  .  SShfOCgUrJaF 


(2) 


In  particular,  the  fact  that  an  identical  compound  is  obtained  in  the  reaction  of  3  moles  of  dlethoxyfluoro- 
stibine  with  1  mole  of  triethoxystibine  may  serve  as  a  certain  confirmation.  Besides  this.  It  is  possible  that  the 
formation  of  the  Indicated  double  compound  (2)  is  the  result  of  a  secondary  process  and  that  complex  (1)  is  first 
formed. 

On  distillation  in  vacuo  of  the  double  compound  (2)  or  the  reaction  mixture  obtained  in  the  reaction  of  tri¬ 
ethoxystibine  and  antimony  trlfluorlde,  diethoxyfluorostlbine  and  triethoxystibine  were  Isolated. 

Diisopropoxyfluorostibine  was  prepared  similarly.  In  this  case  the  latter  was  separated  with  difficulty  from 
trlisopropoxystiblne,  which  has  nearly  the  same  boiling  point,  on  distillation  of  the  reaction  mixture  in  vacuo. 
The  alkoxyfluoro-derlvatlve  was  isolated  from  the  distillate  by  freezing. 
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This  method  of  preparing  alkoxyfluoro-derlvatives  proved  applicable  also  in  those  cases  In 

which  antimony  trifluoride  is  made  to  react  with  alkoxy-derivatives  of  titanium.  Thus,  when  antimony  trlfluorlde 
was  heated  with  various  alkyl  orthotltanates,  the  corresponding  trlalkoxytltanlum  fluorides  were  obtained.  In  this 
case  double  compounds  of  the  type  Sb(OR)3  •  3Tl(OR)3F  (3)  also  were  isolated  as  intermediate  products  of  this  re¬ 
action. 

The  reaction  may  be  represented  by  the  following  scheme,  from  which  it  is  evident  that  this  process  may 
be  used  both  for  the  synthesis  of  alkoxytltanium  fluorides  and  for  the  preparation  of  trialkoxystiblnes. 

3Ti(OR)4  -f  SbF;,  —  S1)(()R)3-  3Ti(01\).,F  3Ti{()U);,F -}- Sb(()H)n 

Triethoxy-,  triisopropoxy-,  and  trlbutoxytitanium  fluorides  were  prepared  in  this  way.  The  first  two  are 
crystalline  substances;  the  last  is  a  colorless  liquid. 

The  intermediate  double  compounds  (3)  obtained  from  ethyl  and  isopropyl  orthotltanates  are  solid  substances, 
whereas  that  from  butyl  orthotltanate  is  a  liquid. 

In  order  to  confirm  that  the  compounds  obtained  were  trialkoxytitanlum  fluorides,  they  were  prepared  also 
by  treatment  of  the  corresponding  alkyl  orthotltanates  with  acetyl  fluoride  according  to  the  scheme: 

Ti(OH)4  +  CII;,(:t)F  -►  Ti(OU)3F  +  ClI;jCOOR 

This  reaction  for  the  preparation  of  alkoxyfluoro-derlvatives  of  other  elements  was  studied  earlier  by  A.  la. 
lakubovlch,  S.  P.  Makarov,  and  V.  A.  Glnsburg  [2]. 

EXPERIMENTAL 

Preparation  of  diethoxyfluorostibine  (I)  from  triethoxystibine  and  antimony  trifluoride.  Trlethoxystlblne 
was  prepared  according  to  the  directions  of  Meerwein  [3].  A  mixture  of  72.1  g  of  triethoxystibine  (b.  p.  101“  at 
17  mm,  76“  at  4  mm)  and  17.15  g  of  antimony  trifluoride  was  heated,  with  stirring,  at  140-150“  with  a  reflux 
condenser  for  7  hrs.  As  a  result  a  homogeneous,  crystalline  mass  with  m.  p.  60-70“  was  formed;  the  product  was 
the  double  compound  Sb  (002^^5)3  *  3Sb (OC2H5)2F. 

Found  %:  Sb  51.37;  F  7.49.  Ci8H4509F3Sb4.  Calculated  Sb  51.32;  F  6.01. 

On  subsequent  dlsUllatlon  of  the  substance  in  vacuo  two  fractions  were  obtained;  the  first  had  b.  p.  72-77“ 
at  2.5-3.5  mm,  and  its  analysis  corresponded  to  triethoxystibine. 

Found  Sb  47.24  ,  47.65.  C6Hi503Sb.  Calculated  %:  Sb  47.42. 

The  second  fraction  had  b.  p.  164-166“  (7  mm)  and  m.  p.  49-52“  after  two-fold  distillation  and  consisted 

of  (I). 

-  Found  %:  Sb  52.63,  53.28;  F  7.44,  7.68;  OC2H5  39.11,  39.39.  C4Hio02FSb.  Calculated  Sb  52.76; 

F  8.24;  OC2F]t  39.0. 

The  yield  of  (I),  calculated  on  the  basis  of  the  triethoxystibine  entering  Into  the  reaction,  amounted  to  77‘7o. 
(I)  was  a  very  hygroscopic,  colorless,  crystalline  substance,  soluble  In  benzene,  alcohol,  or  acetone  (all  anhydrous). 

Preparation  of  dllsopropoxyfluorostibine  (II)  from  trllsopropoxystibine  and  antimony  trlfluorlde.  A  mixture 
of  19.7  g  of  Sb(lso-OC 3117)3  [3]  (b.  p.  80-81“  at  3.5  mm)  and  4  g  of  SbFj  was  heated,  with  stirring,  at  120-140“ 
with  a  reflux  condenser  for  5  hrs.  There  was  obtained  a  crystalline  substance  with  m.  p.  about  40“,  consisting  of 
the  double  compound  Sb  (lso-OC3H7)3  •  3Sb (iso-OC3H7)2F. 

Founder  Sb  45.63.  C2,H5309F3Sb4.  Calculated  <7o:  Sb  45.36, 

When  this  compound  was  heated  In  vacuo,  It  decomposed,  as  a  result  of  which  trllsopropoxystibine  and  (II) 
were  formed.  After  distillation  there  was  a  certain  amount  of  antimony  trlfluorlde  In  the  residue. 

Both  these  esters  distilled  together  at  68-72“  (2-3  mm).  Crystals  of  (II)  could  be  obtained  from  the  distillate 
on  cooling. 
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Found  %:  Sb  46.17,  46.12;  ISO-OC3H7  46.26;  F  7.19.  CeHj^OjFSb.  Calculated  %:  Sb  47;  iso-OCgHT 
45.66;  F  7.34. 

The  yield  of  (II)  was  about  20<7o,  calculated  on  the  basis  of  the  trllsopropoxystlblne  entering  Into  the  reac¬ 
tion.  (II)  was  a  colorless,  crystalline  substance  with  m.  p.  55*,  very  hygroscopic,  readily  soluble  In  alcohol  or 
benzene  (both  anhydrous),  and  less  soluble  In  acetone. 

Preparation  of  trlethoxytltanlum  fluoride  (III),  a)  From  ethyl  orthotitanate  and  antimony  trlfluorlde.  Ethyl 
orthotltanate  was  prepared  according  to  published  directions  [4].  A  mixture  of  15.75  g  of  71(002115)4  (b.  p.  145* 
at  8.5  mm)  and  4.118  g  of  SbFj  was  heated  at  120-130*  with  stirring  for  3  hrs.  There  was  obtained  a  homogeneous, 
crystalline  mass  of  the  double  compound  Sb  (002115)3 -371  (OC2H5)3F,  m.  p.  82*. 

Found  %:  Sb  15.08.  C24H6QOi2SbF3Ti3.  Calculated  %:  Sb  14.12. 

On  subsequent  distillation  of  this  compound  In  vacuo,  two  fractions  were  obtained.  The  first  fraction,  having 
b.  p.  62-64*  (2  mm),  consisted  of  triethoxystlbine. 

Founder  Sb  47.33.  C6Hj503Sb.  Calculated  <70:  Sb  47.42. 

The  yield,  calculated  on  the  basis  of  the  double  compound  taken  for  distillation,  was  nearly  quantitative. 

The  second  fraction,  which  had  b.  p.  162-163*  (2  mm)  and  m.  p.  75-78*,  was  (III). 

Found  %;  71  24.22,23.15;  OC2H5  67.05;  F  9.38.  C6H15O3FTI.  Calculated  %:  Ti  23.73;  OC2FI5  66.86; 

F  9.41. 

The  yield  was  52.3%,  calculated  on  the  basis  of  the  double  compound  taken  for  distillation.  Triethoxy- 
tltanlum  fluoride  (III)  is  a  colorless,  crystalline,  very  hygroscopic  substance,  readily  soluble  In  benzene,  ether 
(both  absolute),  alcohol,  or  acetone  (both  anhydrous);  It  dissolves  better  on  heating. 

b)  From  ethyl  orthotltanate  and  acetyl  fluoride.  A  mixture  of  9.1  g  of  Ti(OC2H5)4  and  2.5  g  of  CH3COF 
was  heated  about  8  hrs  In  a  sealed  tube  in  a  boiling  water  bath. 

When  the  tube  was  opened,  no  acetyl  fluoride  was  found.  On  distillation  two  fractions  were  obtained;  the 
first  had  b.  p.  77*  and  amounted  to  1.5  g  (ethyl  acetate),  whereas  the  second  had  b.  p.  162-164*  (2  mm)  after 
two- fold  distillation  and  corresponded  to  (III).  Yield  6.2  g  (85.5%). 

Preparation  of  trllsopropoxytitanium  fluoride  (IV)  from  Isopropyl  orthotltanate  and  antimony  trifluoride. 

A  mixture  of  12.54  g  of  isopropyl  orthotitanate  (b.  p.  93*  at  6  mm)  [4]  and  2.63  g  of  SbF3  was  heated  at  120-140* 
with  stirring  for  6  hrs.  As  a  result  a  white,  crystalline  substance  having  the  composition  Sb(iso- CXIIsH^)  •  3Tl(lso- 
0C3H7)3F  was  obtained. 

Found  %:  Sb  11.91.  C36Hg40i2F3Sb.  Calculated  %;  Sb  11.82. 

On  distillation  In  vacuo  of  74  g  of  this  compound,  two  fractions  were  obtained;  the  first  had  b.  p.  67-74* 
(2.5  mm)  and  corresponded  to  triisopropoxystlbine,  whereas  the  second,  distilled  at  140-150*  (6  mm)  and  solidi¬ 
fied  to  a  crystalline  substance  with  m.  p.  83-85*.  The  yield  of  (IV)  was  30%,  calculated  on  the  basis  of  the  double 
compound  taken  for  distillation. 

Found  %:  Tl  19.91,  19.17.  C9H21O3FTI.  Calculated  %:  Tl  19.64. 

Trllsopropoxytitanium  fluoride  (IV)  Is acolorless,  crystalline,  very  hygroscopic  substance,  readily  soluble  In 
benzene  or  etliyl  alcohol  (both  anhydrous);  in  anhydrous  acetone  It  dissolves  better  on  heating. 

Preparation  of  trlbutoxy titanium  fluoride  (V).  a)  From  butyl  orthotltanate  and  antimony  trlfluorlde.  A 
mixture  of  30  g  of  Tl(OC4H9)4  (b.  p.  164-166*  at  1.5  mm)  [4]  and  5.26  g  of  SbF3  was  heated  at  130-160*  for  6  hrs 
with  stirring.  A  homogeneous  liquid  was  obtained.  On  distillation  of  the  reaction  mass  (32.32  g)  In  vacuo,  two 
fractions  were  obtained  after  several  distillations;  the  first  (5.74  g),  which  had  b.  p.  121-124*  (2  mm),  corre¬ 
sponded  to  Sb(OC4H9)3. 

Found  %;  Sb  35.77.  Cj2ll27^3^^*  Calculated  %;  Sb  35.73. 

The  yield  was  62.5%,  calculated  on  the  basis  of  the  liquid  taken  for  distillation. 
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The  second  fraction,  which  had  b.  p.  175-180*  (2  mm)  (m.  p.  45-48*),  corresponded  to  (V). 

Found  Tl  16.42;  CX:4H9  76.8;  F  7.04.  Cj^H^OaFTl.  Calculated  <7o:  Tl  16.75;  OC4H9  76.6;  F  6.65. 

The  yield  was  30.0%,  calculated  on  the  basis  of  the  liquid  taken  for  distillation.  The  product  was  a  color¬ 
less,  crystalline,  very  hygroscopic  substance,  readily  soluble  In  anhydrous  benzene;  In  alcohol  and  acetone  (both 
anhydrous)  It  dissolved  better  on  mild  heating. 

b)  From  butyl  orthotltanate  and  acetyl  fluoride.  A  mixture  of  17  g  of  Tl 004119)4  and  3.1  g  of  CH3COF  was 
heated  about  8  hrs  In  a  sealed  tube  In  a  boiling  water  bath.  A  homogeneous  liquid  was  obtained. 

On  distillation  of  the  reaction  liquid,  two  fractions  were  obtained;  the  first  (5.2  g  ),  which  had  b.  p.  123- 
124“,  was  butyl  acetate,  whereas  the  second,  which  had  b.  p.  199-200*  (3.5  mm),  corresponded  to  (V).  Yield 
9.8  g  (68.9%). 

SUMMARY 

1.  It  has  been  established  that  dialkoxyfluorostibines  are  obtained  in  the  reaction  of  antimony  trifluoride 
with  trlalkoxystiblnes. 

2.  Trial koxy titanium  fluorides  and  the  corresponding  trlalkoxystiblnes  have  been  Isolated  In  the  reaction 
of  alkyl  orlhotltanates  with  antimony  trlfluorlde. 

3.  It  has  been  shown  that  this  reaction  proceeds  through  intermediate  double  compounds  of  the  types 
Sb(OR)3  •  3Sb(OR)2F  and  Sb(OR)3  •  Ti(OR)3F,  which  decompose  with  the  formation  of  dialkoxyfluorostibines  and 
trialkoxytltanlum  fluorides. 

4.  It  has  been  established  that  alkoxyfluoro-derlvatlves  of  titanium  may  be  obtained  also  tfirough  the  re¬ 
action  of  alkyl  orthotltanates  with  acetyl  fluoride. 

Certain  alkoxymonofluoro-derlvatives  of  titanium  and  of  trlvalent  antimony,  which  are  not  described  In 
the  literature,  have  been  prepared. 
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INVESTIGATION  OF  A  SERIES  OF  ORGANIC  SULFUR  COMPOUNDS 


IV.  SYNTHESIS  OF  S  -CHLOROETHANESULFONYL  CHLORIDE 
B.  M.  Gladshtein,  I.  P.  Kullulin,  and  L.  Z.  Soborovskii 


0-Chloroelhanesulfonyl  chloride,  as  was  shown  earlier  [1,  2],  Is  an  essential  starting  material  In  the  syn¬ 
thesis  of  fluoroanhydrldes  of  sulfonic  acids  of  the  ethane,  ethylene,  cyclopropane,  pyrazollne,  and  pyrazole  series. 
The  reaction  which  was  carried  out  —  that  of  potassium  fluoride  with  halogenated  ethanesulfonyl  chlorides  and 
fluorides  —  made  It  possible  to  accomplish  a  direct  transition  from  the  stated  compounds  to  sulfonyl  fluorides  of 
the  olefin  series,  several  more  of  which  were  synthesized  In  accordance  with  the  scheme. 


ClCMa— Clio— SOjCI 

1  2KF 


r,ii2=Gn— SO2F  — ^ 


, - -,-SO,F 


/x 


SOjK 


Cl, 


\n^ 


CIf,CI— CIICl— SO.,F  CII,=C— SOoF 


CL.GH— GlI.^SOoGI 


G1 


KF 


/ 


GIGH=GII— SO.,F 

/\< 

/  \ 

.,GIGH=GG1S02F 

— Yi— SO2F  GI2GII— C11G1S()..F— < 

I  II,.  Xci^G^GIISUoF 

'•  /' 

Nil 


V  I 

GH2-G-S02F 

I  I 
G1  G1 


Thus  the  availability  both  of  ethyl enesulfonyl  fluoilde  Itself  and  of  substances  synthesized  on  the  basis  thereof 
Is  determined  by  the  availability  of  the  original  0 -chloroethanesulfonyl  chloride. 

The  methods  of  synthesis  of  0  -chloroethanesulfonyl  chloride  described  In  the  literature  are  based  on  the 
action  of  phosphorus  pentachlorlde  on  salts  of  Isethlonlc  acid,  which.  In  turn,  are  obtained  either  by  the  addition 
of  a  bisulfite  to  ethylene  oxide  [3]  or  by  the  hydrolysis  of  carbyl  sulfate  [4].  Patents  were  Issued  [5]  on  the  prepa¬ 
ration  of  0 -chloroethanesulfonyl  chloride  according  to  the  scheme: 

Na  Pn. 

GIGII2— GIL-Gl  — ^  GlGlIo— GIl2S020Na  — 4-  GIGII2-GH2SO2CI 
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Kohler  [6]  showed  that  6 -chloroethanesulfonyl  chloride  Is  formed  also  on  heating  ethane- 1,2-dlsulfonyl 
chloride.  Other  authors  obtained  0  -chloroethanesulfonyl  chloride  In  62.7%  yield  through  tlie  oxidative  chlorina¬ 
tion  of  0 -chloroethyl  thiocyanate,  formed  from  1,2-dlchloroethane  and  ammonium  thiocyanate  In  an  ethanol 
medium  [7].  Attempts  to  synthesize  0 -chloroethanesulfonyl  chloride  according  to  the  schemes  given  below  were 
unsuccessful. 


nK(CCocit3),  Gila— UgOGOClbj  so,ci, 
GII2  GllaUil 


GIGH2— GII2— SO2GI 


CII2GI  GII2SGN 

GII2OII  GII2OH 


GIGII2— GII2— SU2GI 


Positive  results  were  obtained  by  us  In  the  study  of  the  following  processes; 


/Gilo— Gll.,011 
s/ 

ilci,  illumination 

^GH2— GlIoOM 

(;i„  u,o 

^Gllo— GII2GI 
Villa— GIljGI 

»;i,,  11,0 
illumination 

Experiment  showed  that  the  thlodlglycol ,  on  chlorination  in  a  concentrated  hydrochloric  acid  medium,  is 
converted  to  0 -chloroethanesulfonyl  chloride,  wltli  a  yield  greater  than  50%.  The  Importance  of  Illumination, 
especially  In  the  second  half  of  the  process,  should  be  emphasized.  Carrying  this  reaction  out  in  the  dark  caused 
the  yield  of  0 -chloroethanesulfonyl  chloride  to  fall  to  5%. 

In  the  oxidative  chlorination  of  thiodiglycol  there  are  formed  together  with  0 -chloroethanesulfonyl  chloride, 
various  chlorine-substituted  hydrocarbons,  of  which  pentachloroethane  and  symmetrical  tetrachloroethane  were 
Isolated. 

The  described  process  of  conversion  of  thlodlglycol  to  0 -chloroethanesulfonyl  chloride  goes  through  an 
Intermediate  stage  of  formation  of  0  ,0  ’-dlchlorodiethyl  sulfide.  The  correctness  of  this  Is  confirmed  by  the  fact 
that  0  ,0  ’-dichlorodietiiyi  sulfide  itself,  as  we  found,  gives  a  satisfactory  yield  of  0 -chloroethanesulfonyl  chloride 
when  chlorinated  in  an  aqueous  medium  with  Illumination. 

Thus  the  reaction  of  oxidative  chlorination  of  aliphatic  [8]  and  cyclic  sulfides  [9],  applied  to  thiodiglycol 
and  0  ,0  '-dlchlorodiethyl  sulfide,  provides  a  convenient  preparative  method  for  the  synthesis  of  0 -chloroethane¬ 
sulfonyl  chloride. 

The  development  of  this  method  made  it  possible  to  combine  sulfides  of  the  aliphatic  series,  thlodlglycol, 
and  0,0’-dlchlorodiethyl  sulfide  by  direct  transitions  with  0 -chloroethanesulfonyl  chloride,  ethyl enesulfonyl  fluor¬ 
ide,  and  other  substances  synthesized  on  the  basis  of  the  last  series  of  conversions  described  by  us  earlier  [1,  2]. 

EXPERIMENTAL 

Chlorination  of  thiodiglycol.  50  g  of  thiodiglycol  was  stirred  with  360  ml  of  hydrochloric  acid  (  d  1.19) 
and  a  slow  current  of  chlorine  was  passed  into  the  mixture  for  3  hrs  at  65-70*.  Then  the  mixture  was  cooled  to 
20"  and  illuminated  by  a  lamp  (400  w),  and  a  vigorous  current  of  chlorine  was  passed  into  the  mixture.  The  re¬ 
action  temperature  was  50-55*.  At  the  end  of  the  reaction  (which  was  indicated  by  the  passage  of  chlorine  through 
the  mixture)  the  oil  which  separated  out  was  drawn  off,  dried  with  calcium  chloride,  and  distilled  in  vacuo.  The 
following  fractions  were  obtained:  the  first,  having  b.  p.  33-92*  (20  mm),  and  the  second,  having  b.  p.  92-102* 

(20  mm).  On  repeated  distillation  tlicse  fractions  were  Isolated  from  the  first: 

B.  p.  146-147*  (759  mm),  n^D  1.4928,  1.5942  and  b.  p.  160-162*  (759  mm),  n^D  1.5022,  1.6601. 

Literature  data  for  1,1,2,2-tetrachloroethane;  b.  p.  146.2*  [10],  n^D  1.4967  [11],  d^  1.5881  [12]. 

Literature  data  for  pentachloroethane:  b.  p.  161.9*  [10],  n^D  1.5054  [11],  d4^®  1.6712  [12]. 


2455 


Thus  the  first  fraction  contains  pentachloroetiiane  and  symmetrical  tetrachloroethane. 

The  Isolation  and  Identification  of  other  chlorine-substituted  ethanes  having  a  lower  degree  of  chlorination 
will  be  carried  out  In  the  future. 

On  distillation  of  the  second  fraction  (35  g),  6  -chloroethanesulfonyl  chloride  was  obtained  (yield  52.5%). 

B.  p.  196-199*  (751  mm),  n^D  1.4918,  1.5487.  Found:  M  163.6,  MRd  30.53.  CjHPjSClj.  Calcula¬ 

ted:  M  163.03,  MRd  30.1. 

Literature  data  for  0 -chloroethanesulfonyl  chloride  [13]:  b.  p.  68*  (5  mm),  n®D  1.4920,  1.555,  MRp 

30.72. 

Chlorination  of  0,0*-dlchlorodlethyl  sulfide.  Into  a  flask  were  put  177  g  of  6,0’-dichlorodlethyl  sulfide 
[b.  p.  117-118"  (20  mm)]  and  1  liter  of  water  and,  with  vigorous  stirring  and  illumination  by  a  lamp  (200  w),  a 
current  of  chlorine  was  passed  Into  the  mixture  at  such  a  rate  as  to  Insure  Its  complete  absorption.  The  tempera¬ 
ture  of  the  mixture  reached  40-50"  within  1  hr  and  was  maintained  at  that  level  throughout  the  reaction  (at  first 
the  mixture  had  to  be  cooled  with  water).  The  end  of  the  reaction  was  Indicated  by  the  appearance  of  a  faint, 
yellowish-green  tint  In  the  mixture.  The  oil  which  separated  out  was  drawn  off,  washed  with  water,  dried  with 
calcium  chloride,  and  distilled  In  vacuo;  the  fraction  with  b.  p.  93-106*  (20  mm)  was  Isolated.* 

By  repeated  distillation  at  atmospheric  pressure  there  was  obtained  a  substance  with  b.  p.  198-204*  (735 
mm),  n“D  1.4898,  d4*°  1.5434,  MRd  30.63.  Yield  51%. 

SUMMARY 

The  synthesis  of  0 -chloroethanesulfonyl  chloride  by  the  oxidative  chlorination  of  thlodiglycol  (In  a  hydro¬ 
chloric  acid  medium)  or  0,  0*-dlchlorodiethyl  sulfide  (In  an  aqueous  medium)  with  Illumination  has  been  described. 
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INVESTIGATION  IN  THE  FIELD  OF  A  LK  A  N  E  SU  L  FO  N  IC  ACIDS 
XVIII.  CHLORINATION  OF  ALKANESULFONIC  ACID  TOLUIDIDES 

A.  G.Kostsova  and  N.  T.  Borisova 


Alkanesulfonic  acid  toluidides  are  described  In  the  literature  as  antipyretics  and  antineuralgics  [IJ  chlori¬ 
nated  toluidides  are  unknown. 

The  purpose  of  the  present  work  was  to  study  the  chlorination  of  alkanesulfonic  acid  o-  and  p-toluidides, 
using  ethane-  and  butanesulfotoluidides  as  examples. 

The  reaction  was  carried  out  under  the  conditions  described  by  us  for  the  anilides  of  the  stated  sulfonic  acids 
[2].  The  reaction  temperature  and  time  of  chlorination  were  varied;  the  rate  at  which  chlorine  was  passed  in 
remained  constant  in  all  experiments. 

As  our  experiments  showed,  the  yields  of  chlorination  products  sharply  decrease  in  the  presence  of  ZnO; 
change  of  temperature  from  0  to  40”  has  little  effect,  although  somewhat  better  results  are  observed  at  reduced 
temperatures;  .increase  in  the  amount  of  solvent  decreases  the  yields  of  products.  On  chlorination  of  the  p-tolul- 
dides,  mainly  chloro-p-toluidides  are  formed  at  first,  together  with  a  negligible  quantity  of  tetrachloro-p-tolul- 
dides,  of  which  only  ethanesulfotetrachloro-p-toluidide  was  isolated  in  pure  form  and  characterized;  butanesulfo- 
tetrachloro-p-toluidide  was  isolated  in  the  form  of  a  heavy,  viscous  mass,  which  could  not  be  crystallized  and 
purified.  On  increase  of  the  chlorination  time  the  yields  of  chloro-p-toluidides  decrease,  whereas  those  of  tetra- 
chlorotoluidides  increase  somewhat. 

On  chlorination  of  o-toluidides  there  are  formed  only  chloro-o-toluidides,  the  quantity  of  which  sharply 
decreases  as  the  chlorination  time  increases.  Tetrachloro-o-toluidides  were  not  isolated. 

The  position  of  the  chlorine  in  chloro-p-toluidides  was  proved  by  their  hydrolysis  to  3-chloro-p-toluidine, 
which  was  identified  through  its  acetyl  derivative. 

For  this  purpose  the  chloro-o-toluidides  were  hydrolyzed  and  the  resulting  chloro-o-toluidine  was  then 
acetylated,  but  the  data  obtained  were  not  sufficiently  conclusive,  since  N-acetyl-5-chloro-o-toluidine  and 
N-acetyl-4-chloro-o-toluidine  have  very  similar  constants.  However,  one  argument  in  favor  of  the  presence  of 
5-chloro-o-toluidine  is  the  fact  that  many  reactions  carried  out  by  us  with  toluidines  showed  that  the  stronger 
orienting  substituent  in  these  compounds  is  the  alkanesulfonamido  group  and  not  the  methyl;  this  argument  is 
supported  by  the  chlorination  of  the  p-toluidide. 

Chloro-o-toluidides  are  colorless,  crystalline  compounds,  whereas  chloro-p-toluidides  are  usually  isolated 
in  the  form  of  heavy  yellow  oils,  which  distill  in  vacuo  without  decomposition  and  crystallize  on  standing  or  on 
cooling.  Both  of  these  and  the  others  dissolve  in  organic  solvents,  and  also  in  dilute  alkali,  from  which  they  are 
precipitated  on  acidification;  they  are  insoluble  in  water.  By  treatment  in  ether  solution  with  metallic  sodium, 
the  sodium  salt  of  ethanesulfochloro-o-toluidide  was  obtained.  The  acetyl  derivatives  of  ethane-  and  butanesulfo' 
chloro-o-toluidides  were  obtained  by  treatment  with  acetic  anhydride. 

Tetrachloro-p-totuidides  differ  sharply  in  their  properties  from  chlorotoluidides,  in  that  they  are  insoluble 
in  the  cold  in  alcohoL  ether,  or  dilute  alkali,  do  not  form  salts  with  metallic  sodium,  are  not  alkylated,  and  are 
not  acylated.  These  properties  of  tetrachloro- p-toluidides,  so  unusual  for  N-arylamldes,  are  obviously  due  to 
steric  hindrances  resulting  from  the  presence  of  two  chlorine  atoms  in  the  ortho- position  with  respect  to  the  NH 
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Content  (1 

in  %) 

Name  of  compound 

Melting 

N  1 

1  1 

s 

point 

found 

calc. 

found 

calc. 

Ethanesulfo-3-chloro-p-tolui- 

44-46° 

5.92 

5.99 

15.22 

15.20 

13.63 

13.70 

dideCflllijOjNSCl 

Ethanesul  fotettachloro  -  p-  tolul- 

140-142 

4.17 

4.15 

41.73 

42.10 

9.78 

9.49 

dide  C9li902NSCl4 
Butanesulfo-3-chloro-p-toluidid< 

38-40 

5.10 

5.35 

13.46 

13.54 

12.08 

12.22 

CijIIicOoNSCI 

Ethanesurfo-5-chloro*o-toluidide 

92-94 

6.09 

6.00 

15.70 

15.20 

13.30 

13.70 

CoH,202NSC1 

Butanesul  fo-5-chloro-o  ’toluidide 

113-114 

5.25 

5.35 

13.59 

13.54 

12.12 

12.22 

C ,  1 1 1  j  6O2  N  3C 1 

Sodium  salt  of  ethanesulfo-5- 

5.40 

5.47 

_ 

_ 

_ 

chloro-o-toluidide 

C«,Il,,02NSCINa 

Ethanesul  fo-N-acetyl-5-chloro- 
o-toluidide  C11H14O3NSCI 

108—109 

5.40 

5.14 

— 

““ 

Butanesul  fo-N-acetyl-5-chloro- 
o-toluidide  CiallisOaNSCl 

71 

4.33 

4.81 

group.  A  list  of  the  compounds  obtained,  their  constants,  and  analytical  data  are  given  in  Table  1. 

EX  PERIM  ENTAL 

Chlorination  of  ethane-  and  butanesulfonic  acid  p-toluidides.  Into  a  solution  of  the  p-toluldlde  in  CCl^ 
was  passed  a  stream  of  chlorine  gas,  dried  with  sulfuric  acid,  at  a  rate  of  3  ml/sec.  At  the  end  of  the  chlorina¬ 
tion  the  reaction  mixture  was  left  until  the  next  day;  the  CCI4  was  then  distilled  off  or  evaporated,  and  from  the 
remaining  viscous,  yellow  oil  the  reaction  products  —  chlorotoluidides  and  tetrachlorotoluidides  —  were  isolated 
by  two  metfiods. 

1.  The  oil  was  treated  with  5<^  alkali.  During  this  treatment  the  tetrachlorotoluidide  did  not  dissolve,  but, 
in  the  case  of  ethanesulfo-p-toluidide,  separated  out  in  the  form  of  a  finely  crystalline  precipitate  and  in  the  case 
of  butanesulfo-p-toluidlde,  precipitated  in  the  form  of  a  grayish,  viscous  mass;  chloro-p-toluidides  dissolved  in 
the  alkali,  which  in  this  case  became  quite  dark.  Since  chlorination  by-products  apparently  dissolved  in  the  alkali 
along  with  the  chlorotoluidlde,  only  a  very  insignificant  quantity  of  the  chlorotoluldlde  could  be  Isolated  from  the 
alkaline  solution  on  acidification. 

2.  On  treatment  of  the  oil  with  alcohol  the  tetrachlorotoluidide,  which  is  insoluble  in  cold  alcohol,  pre¬ 
cipitated,  whereas  the  chlorotoluldlde  passed  into  alcoholic  solution,  the  alcohol  was  driven  off  in  a  water  bath, 
and  the  residual  chlorotoluldlde  distilled  in  vacuo  at  180-190*  (5  mm)  for  the  ethane-  and  at  185-195*  (4  mm) 

for  the  butanesulfo-derivative  in  the  form  of  a  viscous  light-yellow  oil,  which  crystallized  on  cooling.  The  chloro- 
p-toluidides  were  recrystallized  from  aqueous  alcohol,  and  ethanesulfotetrachloro-p-toluidide,  from  hot  alcohol; 
die  tetrachloro-p-toluldide  of  butanesulfonic  acid  could  not  be  purified  and  crystallized.  We  chlorinated  butane¬ 
sulfonic  acid  p-toluidide  also  in  other  solvenu,  for  instance,  ether,  benzine,  nitrobenzene,  and  glacial  acetic  acid, 
but  were  not  able  to  obtain  the  crystalline  tetrachlorotoluidide.  The  results  of  certain  experiments  in  the  chlorina¬ 
tion  of  ethane-  and  butanesulfonic  acid  p-toluidides  are  given  in  Table  2. 

Chlorination  of  ethane-  and  butanesulfonic  acid  o-toluidides.  The  chlorination  was  carried  out  as  in  the 
preceding  case.  In  this  case  the  crystalline  chloro-o-toluldlde  precipitated  within  5-8  min;  it  was  filtered  out, 
but  after  its  removal  the  filtrate  still  contained  a  yellow  oil,  from  which  the  crystalline  tetrachloro-o-toluldlde 
could  not  be  isolated.  The  results  of  certain  experiments  in  the  chlorination  of  ethane-  and  butanesulfonic  acid 
o-toluidides  are  given  in  Table  3. 

The  sodium  salt  of  ethanesulfonic  acid  chloro-o-toluldide  was  prepared  by  the  method  described  by  us 
earlier  [3].  From  2  g  of  the  chloro-o-toluidide  1.4  g  (61.3<^)  of  the  salt  was  obtained.  The  latter  was  a  very 
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TABLE  2 


Initial  quan¬ 
tity  of  o- 

Quantity 
of  CCI4 

Time  of 
passage 

Reaction 

Reaction  products  j 

Isolated  (in  %) 

toluidide 
(in  g) 

(in  ml) 

0fCl2 
(in  min) 

tempera^ 

ture 

chloro-  Itetrachloro- 
toluidide '  toluidide 

_ 1. 

Ethanesulfo-p-toluidide 


5 

/i0 

90 

0—5° 

25.6 

57.2 

5  (+  ZnO) 

W 

90 

0-:( 

— 

5.0 

2.5 

15 

/i5 

50—8 

54.1 

17.5 

2.5 

15 

15 

15-10 

78.5 

Traces 

Butanesulfo-p-ioluidide 


6 

25 

90 

2—7 

21.7 

6 

25 

120 

2-7 

14.5 

6 

25 

20 

0-5 

64.4 

TABLE  3 


Initial  quan¬ 
tity  of  0- 

Quantity 

0fCCl4 

Time  of  1 
passage  of 

Tempera- 

Chloro-o- 

toluidide 

toluidide 

(in  ml) 

CI2  ' 

ture 

isolated 

(in  g) 

(in  min) 

(in  %) _ 

Ethanesul  fo-o  -  toluidide 


9 

40 

15 

2- 

-8° 

5  (  +  Z11O) 

25 

8 

2- 

-8 

4.5 

25 

14 

50- 

-18 

Butanesul  fo-o-toluldide 


5 

20 

15 

20-0 

5 

20 

50 

20-0 

5 

20 

15 

40-15 

5 

20 

50 

58—16 

5  (+  ZnO) 

20 

15 

18—2 

'i,S.5 

5:t.1 


TB.O 

59.7 

67.0 

.“iti.S 

IB.7 


hygroscopic,  amorphous,  white  powder.  On  acetylation  of  ethane-  and  butanesul fonic  acid  chloro-o-toluidldes 
by  the  method  described  earlier  [2],  1.24  g  (69%)  of  the  acetyl  derivative  was  obtained  from  1.6  g  of  ethanesulfo- 
chloro-o-toluidlde  and  3.4  g  of  acetic  anhydride,  and  0.9  g  (66.6%)  of  the  acetyl  derivative  was  obtained  from 
1.2  g  of  butanesulfochloro-o-toluidide  and  3.2  g  of  acetic  anhydride.  The  acetyl  derivatives  were  recrystallized 
from  aqueous  alcohol. 

Hydrolysis  of  chlorotoluidides.  The  hydrolysis  was  carried  out  with  sulfuric  acid  (1 : 1)  for  several  hours 
until  addition  of  water  to  a  test  sample  ceased  to  cause  precipitation.  1  g  of  the  substance  and  10  ml  of  acid 
were  taken.  At  the  end  of  the  reaction  the  mixture  was  alkalized,  tlie  separated  chlorotoluldlne  was  extracted 
with  ether,  and  the  ether  extract  was  dried  with  potash:  then  the  ether  was  distilled  off  and  the  residual  oil  (chloro 
toluidine)  was  treated  with  acetyl  chloride.  The  resulting  precipitate,  after  evaporation  of  excess  acetyl  chloride, 
was  recrystallized  from  aqueous  alcohol.  On  hydrolysis  of  ethane-  and  butanesul  fonic  acid  chloro- p-toluidides 
and  subsequent  acetylation  there  was  obtained  N-acetyl-3-chloro-p-toluldine,  m.  p.  114-117“;  according  to 
literature  data,  m.  p.  118*  [4].  On  hydrolysis  of  ethane-  and  butanesul  fonic  acid  chloro-o-toluldldes  there  was 
obtained  N-acetyl-5-chloro-o-toluidine,  m.  p.  138-139*;  according  to  literature  data,  m.  p.  140*  [4].  Analysis 
of  the  acetyl  derivatives  of  the  chlorotoluldlnes  for  nitrogen  gave  satisfactory  results. 


SUMMARY 

1.  The  chlorination  of  ethane-  and  butanesul  fonic  acid  o-  and  p-toluidides  under  various  conditions  has 
been  studied. 
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2.  Ethane-  and  butanesulfonlc  acid  chloro-o-  and  p-toluldldes,  as  well  as  ethanesul fonic  acid  tetrachloro- 
p-toluldlde,  have  been  Isolated  and  characterized. 

3.  The  sodium  salt  of  ethanesul  fonic  acid  chloro-o-toluldide  and  the  N-acetyl  derivatives  of  ethane-  and 
butanesulfonlc  acid  chloro-o-toluidldes  have  been  prepared  and  characterized. 

4.  The  structure  of  chloro-p-toluldldes  has  been  proved  by  the  reaction  of  hydrolysis. 
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ALKYLATION  OVER  AN  ALUMINOSILICATE  CATALYST  ACTIVATED  BY 


GASEOUS  HYDROGEN  CHLORIDE 
I.  ALKYLATION  OF  BENZENE  BY  ALKYL  CHLORIDES 

I.  F.  Radzevenchuk 


In  1943  It  was  observed  that  gumbrln  In  the  presence  of  hydrogen  chloride  can  catalyze  the  alkylation  reac¬ 
tion  at  70“  [1].  At  that  time  this  reaction  seemed  improbable  and  was  not  investigated  in  detail.  During  the  last 
few  years  reactions  over  aluminosilicates  have  come  into  wide  use.  The  reactions  of  polymerization  and  depoly¬ 
merization  [2],  catalytic  cracking  [3],  and  alkylation  [4]  have  been  studied.  Therefore,  we  have  attempted  to 
carry  out  reactions  between  benzene  and  alkyl  halides  under  the  conditions  characteristic  of  reactions  with  AICI3. 

In  the  presence  of  a  natural  aluminosilicate  (gumbrin),  dried  at  160-170“  to  constant  weight,  and  gaseous 
hydrogen  chloride  at  70-76“,  the  alkylation  of  benzene  by  isopropyl  chloride,  n-butyl  chloride,  and  isobutyl 
chloride  was  carried  out.  As  the  result  of  a  series  of  experiments  alkylbenzenes  were  obtained  in  the  following 
yields:  propylbenzenes,  lQ°]o,  and  butylbenzenes,  50  and  70%,  respectively  (yields  calculated  on  the  basis  of  alkyl 
halide). 

As  preliminary  experiments  showed,  an  essential  point  for  insuring  the  success  of  the  alkylation  at  70-76“ 
is  the  drying  of  the  gumbrin  at  160“  and  its  treatment  with  hydrogen  chloride  in  a  medium  consisting  of  the  alkyl¬ 
ating  reagents.  The  gumbrin  had  to  be  dried  until  the  Interstitial  water  was  removed.  For  this  it  was  heated  to 
constant  weight  in  a  thermostat  at  160-170“;  in  this  case  it  lost  14.2%  water.  Drying  at  310-320  and  425-450“ 
gave  only  an  insignificant  increase  in  the  percentage  of  water  removed  (0.4%),  and  the  activity  of  the  catalyst 
was  not  increased.  At  500“  the  gumbrin  lost  23.5%  water  and  its  activity  diminished.  It  may  be  assumed  that  at 
this  temperature  partial  decomposition  of  the  structural  hydroxyls  takes  place  with  formation  of  the  "anhydrous 
modification"  of  montmorillonite  [5].  The  structure  of  the  silicate  and  hydrargillite  layers  changes,  and  there¬ 
fore  the  activity  of  the  gumbrin  falls.  It  is  generally  known  that  montmorillonites  can  absorb  liquids.  Thus,  when 
ethylene  glycol  was  absorbed  by  montmorillonite,  the  glycol  molecules  formed  double  layers  among  the  blocks 
of  the  montmorillonte  lattice  [6,  7].  It  is  possible  that  after  removal  of  the  interstitial  water  the  mixture  of  ben¬ 
zene  and  alkyl  chloride  took  its  place;  thus  the  reagents  closely  approached  the  active  centers  of  tlie  alumino¬ 
silicate  and  formed  complexes  with  it,  and  a  catalytic  reaction  became  more  probable.  However,  as  was  stated 
earlier,  thermal  treatment  of  the  gumbrin  is  not  in  itself  sufficient  to  make  the  alkylation  reaction  go  at  70“.  A 
second,  no  less  Important  condition  is  the  passage  of  a  current  of  dry  hydrogen  chloride  through  the  benzene- 
alkyl  halide  mixture.  The  alkylation  reaction  did  not  take  place  with  gumbrin  dried  at  160“,  but  passage  of  a 
current  of  dry  hydrogen  chloride  through  a  suspension  of  the  clay  in  the  reagents  for  15  min  was  enough  to  make 
the  reaction  begin,  Propylbenzenes  were  formed  in  40%  yield.  Increase  in  the  time  of  passage  of  HCl  to  3  hrs 
decreased  the  yield  of  alkylbenzenes.  As  was  ascertained  by  a  series  of  experiments,  it  is  expedient  to  pass  the 
HCl  through  for  1-1.5  hr.  In  the  literature  [8,  9]  there  is  a  statement  that  treatment  of  AI2O3  by  gaseous  hydrogen 
chloride  at  300-400“  substantially  heightens  its  catalytic  properties  in  isomerization  reactions.  The  authors  ex¬ 
plain  the  increase  in  the  activity  of  the  AI2O3  by  the  presence  on  its  surface  of  bound  chloride  ions  resulting  from 
the  reaction  of  surface  hydroxyl  groups  with  HCl.  The  increase  in  the  activity  of  dry  gumbrin  on  treatment  with 
gaseous  HCl  in  the  alkylation  experiments  also  can  be  explained  by  taking  into  account  the  structure  of  mont¬ 
morillonite  clays  and  the  presence  of  Si,  Isomorphically  substituted  for  A1  [10],  The  yield  of  alkylbenzenes  was 
affected  also  by  the  fact  that  the  clay  and  hydrogen  chloride  gas  were  added  not  to  benzene,  but  to  a  benzene- 
alkyl  halide  mixture.  It  is  possible  that,  as  was  proved  for  AICI3  [11],  the  catalysis  here  is  ionic  in  character. 
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The  activity  acquired  by  the  clay  Is  retained  for  some  time.  After  the  alkylation  reaction  was  carried  out, 
the  clay  layer  had  catalytic  properties.  New  portions  of  alkyl  halide  and  benzene  were  successfully  alkylated 
with  it. 

The  process  of  alkylation  Is  accompanied  by  isomerization  of  the  alkyl  halides  taken  Into  the  reaction. 

For  instance.  In  tlie  alkylation  of  Isobutyl  chloride,  dl-tert-butylbenzene  was  obtained.  Such  isomerization  also 
accompanies  the  reaction  with  AICI3,  as  is  generally  known,  and  Is  observed  also  in  vapor-phase  alkylation  over 
an  aluminosilicate  catalyst  [4].  The  molar  ratio  of  alkyl  halide  to  benzene  in  all  experiments  was  equal  to  0.2: 1. 

In  the  reaction  with  AICI3  [12]  such  a  ratio  was  stated  to  be  most  expedient  for  obtaining  monoalkyl  derivatives. 

EXPERIMENTAL 

A  three-neck  flask  with  stirrer  was  charged  with  30-60  g  of  gumbrin  dried  at  160-170*.  One-third  of  the 
benzene  and  alkyl  halide,  taken  Into  the  reaction,  was  added.  The  alkyl  halides  were  prepared  from  the  corre¬ 
sponding  alcohols  by  treatment  with  cone.  HCl  in  the  presence  of  ZnClj  [13].  Both  the  benzene  and  the  alkyl 
halides  were  carefully  dried  over  CaClj  and  distilled  before  the  reaction.  Their  constants  corresponded  to  litera¬ 
ture  data.  The  benzene-alkyl  halide  mixture  was  heated  In  a  water  bath  to  60-70“;  a  bent  tube  reaching  to  the 
bottom  was  Inserted  In  the  second  neck  of  the  flask,  and  a  strong  current  of  dry  HCl  was  passed  through  the  tube. 

The  third  neck  of  the  flask  was  coupled  to  a  bulb  condenser.  The  end  of  the  condenser  was  closed  by  a  calcium - 
chloride  drying  tube.  IXirlng  the  first  7  min  the  HCl  was  absorbed  by  the  clay,  and  after  that  It  passed  out  through 
the  drying  tube. 

Mechanical  stirring  was  not  used  in  this  step.  After  1-1.5  hrs  the  HCl  current  was  stopped,  the  HCl  delivery 
tube  was  taken  out,  and  a  dropping  funnel  was  put  In  Its  place.  The  temperature  of  the  bath  was  raised  to  70*. 

The  mechanical  stirrer  was  turned  on,  and  the  rest  of  the  benzene-alkyl  halide  mixture  was  added  dropwise  through 
the  dropping  funnel  during  1-1.5  hr.  The  progress  of  the  reaction  was  marked  by  the  evolution  of  HCl.  After  ad¬ 
dition  of  the  mixture  the  temperature  was  raised  to  76-78*.  Heating  and  stirring  were  continued  for  3-8  hrs,  until 
the  evolution  of  HCl  ceased.  After  settling,  the  upper  hydrocarbon  layer  was  decanted  from  the  blackened  clay, 
washed  with  10%  NaOH  and  dried  over  CaCl2.  The  clay  was  transferred  to  a  flask,  and  the  adsorbed  hydrocarbons 
were  removed  by  steam  distillation.  The  hydrocarbons  obtained  were  dried  and  distilled.  In  all  cases  one  distilla¬ 
tion  through  a  column  was  sufficient  for  the  isolation  of  pure  alkylbenzenes.  Therefore  we  obtained  purer  Individual 
alkylation  products  than  with  AICI3  prepared  according  to  published  data  [14]. 

Alkylation  of  benzene  by  Isopropyl  chloride.  The  experiments  were  conducted  with  a  molar  ratio  of  ben¬ 
zene  to  Isopropyl  chloride,  equallD  1 :  0.22.  The  effects  on  the  yield  of  alkylbenzenes  of  the  temperature  at  which 
the  clay  was  dried,  the  time  of  passage  of  hydrogen  chloride,  the  order  and  time  of  addition  of  the  reagents,  and 
the  temperature  and  duration  of  the  reaction  were  Investigated.  Better  results  were  obtained  in  the  case  where 
the  clay  was  dried  at  160-170*  (loss  of  water,  14.2%).  Time  of  passage  of  hydrogen  chloride,  1  hr  (at  60*).  Time 
of  addition  of  the  rest  of  the  benzene-isopropyl  chloride  mixture,  75  min.  Temperature  70-76*.  Reaction  time 
7  hrs.  Yield  of  propylbenzenes,  70%  (these  were  87%  isopropylbenzene).  After  the  first  distillation  through  a 
column  the  Isopropylbenzene  (first  fraction)  had  the  following  constants: 

B.  p.  151-152.5*,  n“D  1.14915,  d4"  0.8615,  MRp  40.40;  calc.  40.20.  M  120,  123;  calc.  120.2. 

The  second  fraction,  obtained  In  the  quantity  6%,  distilled  at  190-192*  and  had  n®D  1.4918;  It  obviously 
consisted  of  dllsopropylbenzene  with  a  slight  admixture  of  Isopropylbenzene.  The  residue  had  n^D  1.4960. 

Alkylation  of  benzene  by  Isobutyl  chloride.  The  Isobutyl  chloride  had  b.  p.  68-70*.  The  ratio  of  benzene 
to  Isobutyl  chloride  was  equal  to  1 : 0.20.  25  g  of  clay  per  100  g  of  benzene  was  taken.  The  remaining  conditions 
were  the  same  as  in  the  preceding  experiment.  The  yield  of  alkylation  products  amounted  to  70%  (based  on  the 
Isobutyl  chloride  taken).  After  distillation  through  a  column  two  fractions  were  Isolated.  The  residue  (18%)  was 
also  distilled  through  a  column.  The  first  fraction  (10%)  had  b.  p.  166-169*  and  n*D  1.4908.  Obviously  this  was 
tert-butylbenzene  (b.  p.  169*,  n^D  1.4908  [15]).  The  second  fraction  (42%)  had  the  constants; 

B.  p.  169-170*,  n®D  1.4920,  d^*®  0.8656,  MRjj  44.9;  calc.  44.8.  M  135.4;  calc.  134.1.  Literature  data 
for  Isobutylbenzene:  b.  p.  170*,  n^D  1.4928,  d^®  0.8673  [15]. 

On  distillation  a  fraction  with  b.  p.  190*  was  Isolated  from  the  residue  In  the  quantity  7%.  Crystals  separated 
out  from  this  and  from  the  residue  on  cooling.  After  several  recrystallizations  from  alcohol  they  had  m.  p.  78*. 
Among  the  butylbenzenes  the  only  solid  substance  Is  dl-tert-butylbenzene,  m.  p.  77.8*  [15]. 
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The  formation  of  di-tert-butylberizene  indicates  that  tlie  original  alkyl  halide  was  Isomerlzed. 

Alkylation  of  benzene  by  n-biityl  chloride.  Alkylation  under  the  conditions  of  the  preceding  experiments 
gave  only  50%  alkylbcn/ciu  s.  This  low  yield  is  possibly  due  to  the  lesser  activity  of  butyl  chloride.  By  distilla¬ 
tion  through  a  column  a  fraction  (38%)  witli  b.  p.  168-1.71“,  n^®D  1.4900,  and  a  residue  (12%)  were  isolated.  Melt¬ 
ing  point  of  the  diacetyl  amino  derivative,  192“.  M  131;  calc.  134.1.  Obviously  this  fraction  consisted  of  sec- 
butylbenzene.  The  residue  had  n^D  1.4940  and  M  146  and  was  probably  a  mixture  of  polybutylbenzenes. 

SUMMARY 

The  alkylation  of  benzene  by  isopropyl  chloride,  isobutyl  chloride,  and  butyl  chloride  has  been  carried  out 
in  the  presence  of  gumbrin,  dried  at  160“,  and  gaseous  hydrogen  chloride.  Reaction  temperature  70-76“.  It  has 
been  established  that  the  principal  reaction  products  are  monoalkylbenzenes. 

LITERATURE  CITED 

[1]  I.  F.  Radzevenchuk,  Dissertation:  Preparation  of  High-Quality  Oils  by  the  Method  of  Alkylation  (Baku, 
1944).* 

[2]  la.  M.  Paushkin,  Catalytic  Polymerization  of  Olefins  to  Motor  Fuel  (Acad.  Sci.  USSR  Press,  1955),  p.  39.  • 

[3]  A.  V.  Frost,  J.  Phys.  Chem.  14,  1313  (1940). 

[4]  B.N.  Dolgov  and  A.  S.  Cherkasov,  J.  Gen.  Chem.  24,  8256  (1954).  •• 

[5]  Coll.:  X-ray  Methods  of  Determination  and  the  Crystal  Structure  of  Clay  Minerals  [Russian  translation] 
(IL.  1955),  Part  4,  148,  151. 

[6]  F.  V.  Chukhrov,  Colloids  in  the  Earth’s  Crust  [In  Russian]  (Acad.  Sci.  USSR  Press,  1955),  p.  538. 

[7]  K.  G.  Miesserov,  Progr.  Chem.  92,  279  (1953). 

[8]  K.  G.  Miesserov,  O.  E.  Morozova,  and  A.  A.  Petrov,  j.  Gen.  Chem.  25,  2204  (1955).  •• 

[9]  N.  N.  Vorozhtsov,  Jr.  and  A.  M.  Beskin,  J.  Gen.  Chem.  24,  657  (1954).  •• 

[10]  Coll.:  X-ray  Methods  of  Determination  and  the  Crystal  Structure  of  Clay  Minerals  [Russian  translation] 
(II,  1955),  p.  17. 

[11]  N.  N.  Lebedev,  J.  Gen.  Chem.  24,  670  (1954).** 

[12]  A.  V.  Topchiev,  B.  A.  Krentsel’,  and  A.  A.  Andreev,  Proc.  Acad.  Sci.  USSR  92,  781  (1953). 

[13]  J.  Norris  and  H.  Taylor,  J.  Am.  Chem.  Soc.  46,  755  (1924). 

[14]  B,  N.  Dolgov,  N.  I.  Sorokina,  and  A.  S.  Cherkasov,  J.  Gen.  Chem.  21,  512  (1951).  •* 

[15]  G.  Egloff,  rtiysical  Constants  of  Hydrocarbons  (1946). 

Received  July  29,  1957  Leningrad  Agricultural  Institute 


*  In  Russian. 

*  Original  Russian  pagination.  See  C.  B.  translation. 


DEPENDENCE  OF  THE  YIELD  AND  THE  QUALITY  OF  B  E  NZ  E  N  E  SUL  FO  N  Y  L  CHLORIDE 
ON  THE  EXCESS  OF  C  HLO  RO  SU  L  FO  N IC  ACID  AND  ADDITION  OF  SODIUM  SALTS 


L.  I.  Levina,  S.  N.  Patrakova,  and  D.  A.  Patrushev 


A  number  of  authors  [1-4]  have  been  concerned  with  the  problem  of  raising  the  yield  and  Improving 
the  quality  of  commercial  sulfonyl  chlorides. 

No  Indications  are  to  be  found  In  the  literature  concerning  the  effect  of  additions  of  salts  of  alkali  metals 
on  the  quality  of  the  sulfonyl  chlorides  produced.  In  the  present  study  we  Investigated  the  effect  of  the  excess  of 
chlorosulfonlc  acid  and  of  additions  of  salts  of  sodium  on  the  yield  and  the  quality  of  benzenesulfonyl  chloride. 

As  shown  by  B.  lu.  lasnltskll  [5]  and  A.  A.  Spryskov  [6,  7],  the  reaction  of  formation  of  benzenesulfonyl 
chloride  Is  a  reversible  one  and,  consequently,  the  yield  of  benzenesulfonyl  chloride  should  be  raised  by  Increased 
excess  of  chlorosulfonlc  acid,  which  fact  Is  confirmed  by  experimental  data  (see  Table).  At  the  same  time,  the 
quality  of  benzenesulfonyl  chloride  (the  content  of  sulfones  as  admixtures  to  It)  to  an  insignificant  degree  does  de¬ 
pend  on  the  excess  of  chlorosulfonlc  acid. 


Dependence  of  Yield  and  Quality  of  Benzenesulfonyl  Chloride  on  the  Ratio  of  Benzene 
and  Chlorosulfonic  Acid  and  Additions  of  Sodium  Salts 


Molar  ratio  of 
benzene  to  chloro¬ 
sulfonic  acid 

Yield  of  commer¬ 
cial  benzenesul¬ 
fonyl  chloride  (%) 

Analysis  of  benzenesulfonyl  chloride  (in  %) 

acidity 

content  of 
sulfones 

content  of  beozene- 
sulfonyl  chloride 

no  addi¬ 
tion  of 
salts 

•2  8 

addition 

ofNaCl 

no  addi¬ 
tion  of 
salts 

a 

•2  o' 

:§ort 

«o  Z 

addition 
of  NaCl 

no  addi¬ 
tion  of 
salts 

c 

•2  (S' 

T3  O  Jf* 

0]  Z 

addition 
of  NaCl 

no  addi¬ 
tion  of 
salts 

c  ^ 
.2  O 

•O  O  ed 

qU 
^Z 
cd  O 

1 :2.5 

78.2 

0.11 

4.9 

94.8 

1 : 3.0 

83.1 

— 

— 

0.17 

— 

— 

4.6 

— 

— 

95.2 

— 

— 

1 :5.0 

87.8 

— 

— 

0.80 

— 

— 

4.0 

— 

— 

95.0 

— 

— 

1:2.5 

— 

64.2 

■ — 

— 

0.09 

— 

— 

1.68 

— 

— 

98.0 

— 

1 : 3.0 

— 

78.6 

— 

— 

0.05 

— 

— 

1.03 

— 

— 

98.0 

— 

1:5.0 

— 

80.0 

— 

— 

0.50 

— 

— 

0.20 

— 

— 

99.3 

— 

1 :2.5 

— 

— 

71.8 

— 

— 

0.25 

— 

— 

3.10 

— 

— 

96.3 

1  : 3.0 

— 

— 

82.0 

— 

— 

0.10 

— 

— 

2.07 

— 

— 

97.8 

1  : 5.0 

■ 

■ 

86.9 

0.43 

" 

1.80 

97.1 

It  follows  from  the  above  table  that  the  addition  of  sodium  sulfate  leads  to  a  decline  of  the  yield  of  benzene 
sulfonyl  chloride  with  a  small  excess  of  chlorosulfonic  acid  (0.5  mole  over  the  stoichiometric  ratio).  With  excess 
of  chlorosulfonic  acid  equal  to  1  mole  or  more,  the  addition  of  sodium  sulfate  does  not  affect  the  yield  but  does 
raise  the  quality  of  benzenesulfonyl  chloride  by  lowering  the  content  of  sulfones  from  4. 0-4. 9  to  0.2-1.68%.  A 
similar  effect  on  the  process  of  chlorosul fonatlon  is  exerted  by  the  addition  of  sodium  chloride  to  the  original 
chlorosulfonlc  acid.  The  lowering  of  the  amount  of  sulfone  admixture  may  be  explained  by  the  formation  of 
sodium  benzenesulfonate,  which  is  an  Inhibitor  of  the  formation  of  sulfones  In  sulfonation  of  benzene  by  a  hl^ 
percentage  oleum  [8]. 
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EXPERIMENTAL 


The  experiments  were  run  In  a  round-bottomed  flask  provided  with  a  reflux  condenser,  a  stirrer,  a  dropping 
funnel,  a  thermometer  and  a  tube  for  leading  off  the  hydrogen  chloride.  To  twlce-dlstllled  chlorosulfonlc  acid 
(containing  dried  sodium  chloride  or  sulfate)  there  was  added  from  the  dropping  funnel  over  6  hrs  the  required 
amount  of  benzene.  The  reaction  was  run  at  20-26*.  The  content  of  the  principal  substance  and  of  sulfones  was 
determined  In  the  resulting  benzenesulfonyl  chloride  by  saponification  with  N  solution  of  sodium  hydroxide.  The 
acidity  of  the  product  was  determined  by  means  of  0.1  N  solution  of  sodium  hydroxide. 

SUMMARY 

The  yield  of  benzenesulfonyl  chloride  Is  raised  from  78. 2%  to  87.8%  by  Increase  of  the  amount  of  chloro¬ 
sulfonlc  acid  from  2.5  to  5  moles  per  1  mole  of  benzene.  The  lowering  of  the  sulfone  content  Is  achieved  by  the 
addition  of  sodium  sulfate  or  chloride  to  the  original  chlorosulfonlc  acid. 
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ACETALS  OF  8,a-DIHALO  SUBSTITUTED  PRO  PIO  N  A  L  DE  H  Y  D  E  S 


T.  V.  Protopopova  and  A.  P.  Skoldlnov 


In  our  previous  communication  [1]  there  was  described  the  application  of  derivatives  of  0  ,0-dlhalo  sub¬ 
stituted  propionaldehydes  with  the  general  formula  CHX2CHjCHBr(OCOCH3)  (I,  X  =  Cl  or  Br)  for  the  synthesis  of 
various  heterocyclic  compounds.  The  acetals  of  these  aldehydes  were  also  of  interest  since  they  could  serve  as 
starting  materials  for  the  preparation  of  the  thus  far  unknown  free  0  ^ -dihalo  substituted  propionaldehydes  and 
0-halo  substituted  acroleins.  Only  dimethyl  acetal  of  0  ,0 -dichloroproplonaldehyde  [2] had  been  described  among 
such  acetals  up  to  the  present  time. 

GflXoCHzCIlBrCOCOClIa)  GUXoGIIoGl^OR),  ^  GHXoGHoGHX'COR) 

(I)X=C1.  B?  (ID  X^Cl.  nr  (^iTI)X  =  X'  =  CI.R=CH, 

R  =  CHj,  C,Hs,  n  -C,II,.  n-C,H,  b)  X  =  X'  =  Cl,  R  =  C.H, 

C)  X  =  Br.  X'  =  Cl.  R  =  CHj 
d)  X  —  X'  =  Br,  R  =CH, 

By  the  action  of  an  appropriate  alcohol  on  (I)  we  prepared  in  satisfactory  yields  a  series  of  acetals  (II)  which 
were  colorless  liquids,  which  possessed  characteristic  odors  and  were  distillable  in  vacuum  without  decomposition; 
they  were  stable  to  storage  in  the  cold.  These  acetals  were  relatively  stable  in  respect  to  dilute  acids;  however, 
treatment  with  acids  under  more  drastic  conditions  led  to  cleavage  of  hydrogen  halides  and  formation  of  polymeric 
products.  The  results  of  action  of  basic  reagents  on  acetals  (II)  will  be  disclosed  in  a  future  communication. 

Acetals  (II)  are  transformed  into  the  corresponding  l,l,3-trihalo-3-alkoxypropanes  (III)*  by  cleavage  of  an 
alkyl  chloride  in  the  reaction  with  phosphorus  pentachloride  or  thionyl  chloride  in  an  inert  solvent  or  without  a 
solvent.  One  of  the  halogen  atoms  in  these  compounds  is  quite  mobile  —  it  is  readily  hydrolyzed  even  in  the  cold 
by  water,  which  fact  permits  one  to  titrate  quantitatively  the  compounds  of  type  (III)  by  mercurometrlc  methods. 
Such  properties  of  compounds  (III)  agree  completely  with  their  structure  of  alkyl  a,y  ,y-trihalopropyl  ethers. 

The  preparation  of  (Hid)  could  not  be  accomplished  by  the  reaction  of  substance  (II,  X  =  Br)  with  phosphorus 
pentabromide  owing  to  the  bromlnating  action  of  the  latter;  (Illd)  was  prepared  by  treatment  of  (IIIc)  with  hydro¬ 
gen  bromide  [3].  As  the  result  of  reaction  of  (III)  with  alcohols  one  obtains  compounds  (II)  again,  which  fact  was 
demonstrated  in  the  example  of  transformation  of  (Ilia)  and  (Illb)  into  the  corresponding  acetals. 

(II)  and  (III),  just  like  other  functional  derivatives  of  malonodlaldehyde,  are  capable  of  condensation  with 
nitrogenous  compounds  analogous  to  condensations  previously  described  for  (I).  For  example,  in  the  reaction  of 
such  compounds  with  hydrazine,  there  is  formed  pyrazole,  with  hydroxylamlne  there  is  formed  Isoxazole  [1],  with 
urea  there  is  formed  2-hydroxypyrimidine,  with  thiourea  there  is  obtained  2-mercaptopyrlmldlne  [4],  with  gua¬ 
nidine  there  is  formed  2-aminopyrimldlne  [2,  4,  5],  etc.  There  is  no  need  to  cite  these  reactions  in  the  experi¬ 
mental  section,  but  one  should  note  that  the  reactivity  of  the  presently  described  compounds  declines  in  the  series 
(in)  >  (I)  >  (II),  which  fact  is  connected  with  the  relative  ease  of  liberation  of  the  aldehyde  group  in  compounds 
of  this  type. 


EXPERIMENTAL 

Preparation  of  the  Acetals 

A  mixture  of  0.1  mole  of  l,l-dihalo-3”bromo-3-acetoxypropane  and  1.5-2. 0  moles  of  the  corresponding 
alcohol,  after  standing  for  four  days  at  room  temperature,  were  poured  into  a  cooled  solution  of  sodium  bicarbonate 

•  The  transformation  of  (II)  into  (III)  proceeds  especially  smoothly  under  the  action  of  thionyl  chloride  in  the 
presence  of  catalytic  amounts  of  tertiary  amines. 
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and  tile  separated  oil  was  extracted  with  ether;  the  residue  after  the  removal  of  ether  was  fractionated  In  vacuo. 

In  this  manner  there  were  prepared  the  following  acetals: 

Dimethyl  acetal  of  3  ,6  -dlchloroproplonaldehyde  (yield  70%): 

B.  p.  67-68*  (18.5  mm),  n^D  1.4400,  1.1954,  MRq  38.09;  calc.  38.30. 

Literature  data  [2]:  b.  p.  70"  (18  mm). 

Diethyl  acetal  of  fl  ,fl  -dlchloroproplonaldehyde  (yield  80%). 

B.  p.  65-66*  (6  mm),  n^D  1.4380,  dj^^  1.1118,  MRq  47.50;  calc.  47.55.  Found  %:  C  41.67,  41.48; 

H  6.85,  6.91;  Cl  35.08,  34.96.  C7H14O2CI2.  Calculated  %:  C  41.79;  H6.96;  Cl  35.32. 

Di-n-propyl  acetal  of  0  ,fl  -dlchloroproplonaldehyde  (yield  55%). 

B.  p.  77-78“  (2-2.5  mm),  n^^D  1.4428,  d/°  1.0725,  MRd  56.59;  calc.  56.76.  Found  %:  C  47.35,  47.24; 

H  7.38,  7.87.  CgHigOzClj.  Calculated  %:  C  47.16;  H  7.86. 

Dl-n-butyl  acetal  of  3  ,B  -dichloroproplonaldehyde  (yield  75%). 

B.  p.  108-109*  (3  mm),  n^D  1.4460,  d/‘  1.0358,  MRp  66.18;  calc.  66.02.  Found  %:  C  51.66,  51.35; 

H  8.63,  8.50.  CUH22O2CI2.  Calculated  %:  C  51.36;  H  8.56. 

Dimethyl  acetal  of  &  ,B -dibromoproplonaldehyde  (yield  82%). 

B.  p.  59-60"  (2  mm),  n^D  1.4912,  d/**  1.7194,  MRd  44.17;  calc.  44.10.  Found  %:  C  22.54,  22.67; 

H  4.02,  4.00;  Br  66.25,  61.46.  CgHioOgBrj.  Calculated  %:  C  22.90;  H  3.81;  Br  61.00. 

Diethyl  acetal  of  0  ,0 -dibromoproplonaldehyde  (yield  62%). 

B.  p.  70-71*  (1.5  mm),  n^D  1.4755,  d^^  1.5211,  MRq  53.63;  calc.  53.34.  Found  %:  C  29.28,  29.25; 

H  5.02,  5.03;  Br  54.85,  54.68.  C7Hj402Br2.  Calculated  %:  C  28.95;  H  4.82;  Br  55.17. 

Di-n-propyl  acetal  of  8  ,B -dibromopropionaldehyde  (yield  60%). 

B.  p.  97-98*  (1.5  mm),  n^D  1.4740,  d4“  1.4228,  MRp  62.77;  calc.  62.58.  Found  %:  C  33.97,  33.26; 

H  5.70,  5.76;  Br  50.17,  50.07.  C9Hig02Br2.  Calculated  %:  C  33.96;  H  5.66;  Br  50.31. 

Di-n-butyl  acetal  of  3  ,0  -dibromopropionaldehyde  (yield  50%). 

B.  p.  120-121*  (2  mm),  n^D  1.4728,  d4^  1.3469,  MRjj  71.87;  calc.  71.81.  Found  %:  C  38.32,  38.33; 

H  6.38,  6.29;  Br  46.15,  46.01.  Ci,H2202Br2.  Calculated  %:  C  38.15;  H  6.35;  Br  46.24. 

Preparation  of  a,  y  ,  y  ~  T  r  ih  al  o  pro  py  1  Alkyl  Ethers 

1.1.3- Trlchloro-3-metlioxypropane.  To  a  mixture  of  18.1  g  (0.104  mole)  of  dimethyl  acetal  of  6  ,6-di- 
chloropropionaldehydc  and  12.5  g  (0.105  mole)  of  distilled  thionyl  chloride,  preheated  to  65",  there  was  added 
one  drop  of  pyridine;  after  the  evolution  of  sulfur  dioxide  became  weaker,  the  mixture  was  heated  until  the  gas 
evolution  ceased  completely  by  raising  the  bath  temperature  gradually  to  90-95*.  After  fractionation  in  vacuum, 
with  protection  from  atmospheric  moisture,  there  was  obtained  13.8  g  (78%)  of  the  product. 

B.  p .  45.5-48“  (7  mm),  n^D  1.4630,  d4^  1.3201,  MR^  37.07;  calc.  36.92.  Found  %:  Cl"  20.03,  20.01; 
Cltotal  60.36,  60.24.  C4H7CX:i3.  Calculated  %:  Cl'  20.00;  CI^qj^I  60.00. 

1.1 .3- Trichloro-3-ethoxypropane.  To  a  suspension  of  9.1  g  (0.043  mole)  of  phosphorus  pentachloride  in 
15  ml  of  dry  carbon  tetrachloride  tiiere  was  rapidly  added  8.6  g  (0.042  mole)  of  diethyl  acetal  of  fl  ,6  -dlchloro- 
propionaldehyde.  After  completion  of  the  exothermic  reaction,  the  mixture  was  refluxed  for  20  min  longer  and 
was  tiien  fractionated  in  vacuum;  there  was  obtained  7.3  g  (91%)  of  a  fraction  with  b.  p.  49-53*  (4  mm).  The 
substance  was  distilled  twice. 

B.  p.  38.5-40*  (1.5  mm),  n®D  1.4578,  d4*  1.2543,  MRj)  41.67;  calc.  41.53.  Found  %:  C  31.73,  31.70; 

H  4.77,  4.80;  Cl"  18.22,  18.47.  C5H9OCI3.  Calculated  %:  C  31.41;  H  4.71;  Cl"  18.53. 
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l,l-Dtbronio-3-chloro-3~methoxypropane  was  prepared  analogously  (yield  90<7o). 

B.p.  53.5-55*  (1.5  mm),  n^D  1.5165.  Found  %;  Cl”  13.21,  13.18.  CHBrjCH^HC^OGHj).  Calculated  %: 
Cr  13.32. 

l,l,3-Trlbromo-3“methoxypropane.  l,l-Dlbromo-3-chloro-3-methoxypropane  (15.7  g;  0.059  mole)  was 
saturated  with  dry  hydrogen  bromide;  the  excess  of  hydrogen  bromide  was  removed  by  blowing  with  dry  air  and 
the  residue  was  fractionated  In  vacuum.  There  was  obtained  9.4  g  (50<^)  of  a  liquid  which  frimed  strongly  In  air. 

B.  p.  83-85*  (2  mm),  n®D  1.5495,  d4“  2.1231,  MRp  46.33;  calc.  45.61.  Found  ojo:  Br”  25.39,  25.10; 
BrjQtal  76.67,  76.73.  CHBr^CKjCHBrOCH,.  Calculated  Br"  25.72;  Brjotal  77.17. 

Reaction  of  l,l,3-trlchloro-3-ethoxypropane  with  alcohol.  A  mixture  of  4  g  of  l,l,3-trlchloro-3-ethoxy- 
propane  and  17  ml  of  anhydrous  ethyl  alcohol  was  kept  for  20  hrs  at  room  temperature,  after  which  It  was  poured 
Into  a  solution  of  sodium  bicarbonate  and  the  separated  oil  was  extracted  with  ether.  After  vacuum  fractionation 
there  was  obtained  3.8  g  (90%)  of  diethyl  acetal  of  0  ,6 -dlchloroproplonaldehyde;  b.  p.  64-66*  (6  mm),  n*®D 
1.4355. 

Dimethyl  acetal  of  0 ,0 -dlchloroplonaldehyde  was  prepared  analogously  (74%);  b.  p.  66-66.5*  (18.5  mm), 
n”D  1.4360. 


SUMMARY 

1.  A  series  of  acetals  wltfi  general  formula  CHXjCHjCH(OR)j,  where  X  =  Cl  or  Br,  R  =  CH3,  C3H5,  n-CsH^ 
or  n-C4Hg,  was  prepared  and  some  of  the  properties  of  these  compounds  were  studied. 

2.  Alkyl  a,  y  ,y-trlhaloalkyl  ethers  with  the  general  formula  CHX2CHjCHX*(OR)  were  prepared  by  the 
reaction  of  the  acetals  with  phosphorus  pentachlorlde  or  thlonyl  chloride. 
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HETEROCYCLIC  COMPOUNDS 
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LXII.  STEREOCHEMISTRY  OF  l-ACYL-2,5-DIMETHYL-4-PIPERIDONES 
I.  N.  Nazarov,  N.  S.  Prostakov,  and  N.  N.  Mikheeva 

Recently  tiie  2,5-dimethyl-4-piperidones  [2]  preparable  by  the  reaction  of  propenyl  Isopropenyl  ketone  [2] 
with  ammonia  or  primary  amines,  have  been  used  widely  In  our  laboratory  for  the  synthesis  of  various  4-plperldols 
and  their  esters.  Among  the  latter  are  the  propionates  of  stereolsomerlc  l,2,5“trlmethyl-4-phenyl-4“plperldols — 
Promedol,  Isopromedol  and  a-Promedol  —  prepared  In  our  laboratory  [3].  Promedol  (y -Isomer)  turned  out  to  be 
a  highly  active  analgesic  which  exceeded  morphine  In  activity  by  about  2-3- fold.  Isopromedol  (6 -Isomer)  turned 
out  to  be  more  active  than  Promedol  by  2-fold.  However,  die  most  active  pain- relieving  properties  were  possessed 
by  a-Promedol,  which  exceeded  the  activity  of  Isopromedol  by  a  factor  of  2.  The  dependence  of  physiological 
activity  on  the  spatial  structure  was  also  established  for  die  propionates  of  stereolsomerlc  l,3-dlmethyl-4-f^enyl- 
4-plperidols  (a-Prodln  and  8-Prodln  [4]). 

We  supposed  that  during  die  study  of  stereochemistry  of  4-piperldones  we  might  obtain  data  which  would 
permit  us  to  approach  the  establishment  of  the  sterlc  or  spatial  structure  of  4-phenyl-4-plperldols  and  their  esters. 

2,5- Dimethyl -4-piperldone  (I)  can  exist  In  two  stereolsomerlc  forms  (cis  and  trans).  Up  to  the  present  time 
these  stereolsomerlc  forms  had  not  been  isolated  which  fact  is  evidently  connected  with  the  ease  of  their  mutual 
transformations. 
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(I)  trans  form 


One  may  expect  that  In  the  series  of  l-acyl-2,5-dlmethyl-4-piperldones  having  an  amide  nitrogen  with 
considerably  reduced  basic  properties,  the  mutual  transformations  of  the  Isomeric  plperldones  would  not  proceed 
with  such  facility  and  therefore  it  would  be  possible  to  Isolate  and  to  study  the  Individual  stereoisomers. 


For  dlls  reason  we  prepared  during  the  treatment  of  2,5-dlmethyl-4-plperldone  (I)  with  acid  anhydrides 
and  acyl  chlorides,  as  well  as  sulfonyl  chlorides,  the  following  l-acyl-2,5-dimethyl-4-plperldones:  1-acetyl  (II) 
[5],  1-proplonyl  (III),  1-benzoyl  (IV)  [5],  1-p-nltrobenzoyl  (V),  1-methylsulfonyl  (VI)  and  l-benzenesulfo-2,5- 
dlmediyl-4- plperldones  (VII). 
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(II)  R  =  CH,:  (III),  R  =  C,Hj:  (IV),  R  =  C,II.;  (V), 
R  =  p-NO,C,ll4 
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The  diamide  (VIII)  was  prepared  in  low  yield  by  acylation  of  piperidone  (I)  with  the  chloride  of  adipic  acid. 
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GOCH2GH2CII2CII2GO 


1- Acetyl-2, 5-dimethyl-4-piperidone  (II)  was  isolated  in  a  crystal¬ 
line  (Ila)  and  a  liquid  state  (Ilb)  in  1 ;  1  ratio.  The  proportion  of  the 
crystalline  and  tlie  liquid  fractions  depends  on  the  method  of  treatment. 
By  subjecting  the  liquid  fraction  to  repeated  distillation  and  by  simply- 
heating  it  to  150-160“  it  was  possible  to  change  this  fraction  totally  into 
the  crystalline  isomer. 


The  crystalline  and  the  liquid  isomers  form  two  different  oximes 
(IXa)  and  (IX  b),  which  after  reduction  with  sodium  in  alcohol  yielded 
two  different  l-acetyl-2,5-dimethyl-4-aminopiperidines  (Xa)  and  (Xb). 
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l-Benzoyl-2,5-dimethyl-4- piperidone  (IV)  was  also  isolated  in  fractions  of  crystalline  and  liquid  form. 
Piperidones  (II)  and  (IV)  were  hydrolyzed  by  20%  aqueous  solution  of  sulfuric  acid  to  the  original  2,5-dimethyl-4- 
piperidone  (I).  An  attempt  to  prepare  hydrazones  of  both  isomeric  l-acetyl-2,5-dimethyl-4-piperidones  (Ila)  and 
(lib)  failed  to  give  the  desired  positive  results.  Both  from  the  crystalline  isomer  (Ila)  and  from  the  liquid  fraction 
containing  mainly  isomer  (lib)  there  was  formed  one  and  the  same  hydrazone  (XI)  which  corresponded  to  the  more 
stable  stereo  isomeric  form  of  l-acetyl-2,5-dimethyl-4-piperidone  (Ila).  The  less  stable  form  of  piperidone  (lib) 
evidently  isomerizes  during  the  preparation  of  the  hydrazone  into  the  more  stable  form  (Ila)  under  the  Influence 
of  the  alkaline  medium.  The  preparation  of  hydrazone  of  l-acetyl-2,5-dlmethyl-4-piperidone  is  accompanied 
by  the  formation  of  a  considerable  amount  of  the  azlne  (XII). 

The  hydrazone  of  l-acetyl-2,5-dlmelhyl-4-piperldone  (XI)  was  further  reduced  by  the  Klzhner  method  to 
l-acetyl-2,5-dimethylplperidlne  (XIII),  which  was  deacetylated  to  2,5-dlmethylpiperidlne  (XIV). 
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l-p-Nitrobenzoyl-  and  l-melhylsulfonyl-2,5-dlmethyl-4-plperidone8  (V)  and  (VI)  were  prepared  in  the 
form  of  mixtures  of  crystalline  Isomers. 

Piperidone  (VI)  was  isolated  in  two  crystalline  stereo  Isom  eric  forms  (Via)  and  (VIb)  by  fractional  crystalliza¬ 
tion.  As  in  the  case  of  the  above-described  l-acetyl-2,5-dlmethyl-4-plperldone  (II),  the  lower  melting  Isomer 
of  l-methylsulfonyl-2,5-dlmethyl-4-piperidone  (VIb)  is  the  less  stable  one  and  transforms  Itself  into  the  higher 
melting  isomer  (Via)  on  being  heated  to  120"  or  on  being  heated  with  aluminum  oxide  in  chloroform,  the  trans¬ 
formation  being  quantitative. 
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By  acylation  of  2,5-dimethyl-4-plperidone  (I)  with  chloroacetyl  chloride  and  subsequent  treatment  of  the 
resulting  l-chloroacetyl“2,5-dlmethyl-4-plperldone  with  dlethylamlne,  as  well  as  piperidine,  there  were  prepared 
1-dlethylamlnoacetyl-  (XV)  and  l-N-plperldylacetyl-2,5-dlmethyl-4-plperldone  (XVI). 
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The  hydrochloride  of  plperldone  (XVI)  produces  a  comparatively  weak  anesthetic  action  In  0.5<7o  solution. 

EXPERIMENTAL 

2.5-  Dime thyl-4-plperldone  (I).  For  preparation  of  (I)  we  used  die  mixture  of  2-methyl-l,4-hexadlen-3-one, 
2-methyl-5-methoxy-l-hexen-3-one  and  2-methyl-l,5-dlmethoxy-3-hexanone  (b.  p.  71‘  at  16  mm,  62*  at  4.5 
mm),  which  was  heated  with  aqueous  ammonia  solution,  or  with  ammonium  acetate  at  the  boiling  point  of  me¬ 
thanol  If  the  reaction  was  run  In  a  methanol  solution,  or  at  90-95"  If  methanol  was  not  employed.  In  the  latter 
case,  the  reaction  mixture  was  stirred  energetically.  The  reaction  of  cycllzatlon  with  the  aqueous  ammonia  solu¬ 
tion  was  run  In  a  hermetically  closed  vessel;  In  otfier  cases  It  was  run  In  the  usual  round-bottomed  flask  with  a 
reflux  condenser  or  In  a  three-necked  flask  provided  with  a  stirrer  and  a  reflux  condenser.  Methanol  was  distilled 
off  after  the  completion  of  heating,  slight  vacuum  being  used  for  the  distillation,  and  tiien  ihe  mixture  was  treated, 
with  cooling,  with  18%  hydrochloric  acid  until  It  became  acid  to  Congo  red.  The  unreacted  ketones  were  extracted 
with  ether.  The  resldu»l  aqueous  solution  was  evaporated  and  treated  with  potassium  hydroxide  with  cooling,  until 
the  amine  layer  formed.  The  amines  were  extracted  5-8  times  with  ether.  The  ethereal  extracts  were  dried  with 
calcined  sodium  sulfate  or  potassium  carbonate  after  which  the  reaction  products  were  distilled  twice  In  vacuo. 
The  2,5-dlmethyl-4-plperldone,  after  the  two  distillations,  had  b.  p.  76-78"  (9  mm),  66"  (6  mm),  n^’o  1.4676. 

2.5- Dlmethyl-4-plperldone  acetate,  formed  In  the  reaction  of  cycllzatlon  by  means  of  ammonium  acetate, 
formed  long  colorless  needle-llke  crystals  with  m.  p.  92-94". 

Found  %:  N  7.46,  7.48.  C9H17O3N.  Calculated  %:  N  7.49. 

In  the  following  table  there  are  shown  the  yields  of  2,5-dlmethyl-4-plperldone  after  running  the  cycllzatlon 
reaction:  1)  with  aqueous  ammonia  solution  with  an  8%  excess  of  die  latter;  2)  with  ammonium  acetate  (30% 
excess)  In  aqueous  methanol;  3)  under  analogous  conditions  but  without  methyl  alcohol. 


Yields  of  2,5- Dime thyl-4-plperldone 
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2,5~Dlmethyl-4-plperldone 
yield  based  on  ketone 

mixture  (in  %) _ 

ketones  used  Reacted  ketones 
for  reaction  (conversion) 


70 

59.4 

28 

34.7 

167.5 

69.3 

41.6 

48.1 

157 

28 

39.1 

41.4 

Note.  The  average  molecular  weight  of  the  mixture  of  the  starting  ketones  was  taken  to 
be  158. 


Under  all  the  conditions  described  above  for  the  preparation  of  2,5-dlmethyl-4-plperidone  there  was  formed 
a  considerable  amount  of  products  with  high  boiling  points  along  with  a  tarry  residue.  From  die  fractions  boiling 
considerably  above  the  plperldone  diere  was  Isolated  the  product  of  its  condensation  —  2,5-dlmethyl-3-(2',5*- 
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dlmethyl-4’-plperldylldene)-4-plperidone  (XVII),  in  the  form  of  a  viscous  green  liquid  with  b.  p.  130-134*  (2.5 
mm),  n^D  1.4990.  Its  hydrochloride  melted  at  225*  (from  alcohol). 
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Found  C  70.76,  71.31;  H  9.58,  10.28;  N  11.82,  11.50.  CuHajON*.  Calculated  C  71.19;  H  10.17; 

N  11.86. 

l-Acetyl-2,5-dimethyl-4-piperldone  (II).  To  123.5  g  of  freshly  distilled  2,5-dimethyl -4-plperldone  there 
was  added,  with  cooling  and  stirring,  146  g  of  acetic  anhydride.  The  mixture  was  then  heated  for  8  hrs  at  70-80*. 

It  turned  dark  and  became  viscous.  After  the  distillation  of  the  acetic  anhydride  residue,  the  remaining  material 
was  twice  distilled  in  vacuo.  There  was  obtained  144.5  g  of  substance  (II)  with  b.  p.  134-136*  (3  mm),  n*D1.4900. 

Found  %:  N  7.98,  8.21,  7.96,  8.03.  CgHjsOjN.  Calculated  N  8.28. 

The  distilled  piperidone  crystallized  in  part.  There  was  obtained  74  g  of  colorless  crystals  with  m.  p.  60- 
61*,  which  corresponded  to  piperidone  (Ila). 

Found  %:  N  8.10,  8.50.  CgHjgOjN.  Calculated*^:  N  8.28. 

After  the  separation  of  the  crystalline  piperidone  (Ila)  there  remained  70  g  of  the  liquid  isomer  of  the  piper¬ 
idone  (Ilb).  2  g  of  it  was  heated  for  45  min  at  150-160*.  The  mixture  crystallized  immediately  after  being 
cooled.  There  was  Isolated  0.7  g  of  piperidone  (Ila)  with  m.  p.  60-61*. 

Hydrolysis  of  l-acetyl-2,5-dimethyl-4-pipetidone.  l-Acetyl-2,5-dimethyl-4-piperidone  (Ila;  4.3  g)  with 
m.  p.  60-61*  and  20  g  of  20<7o  sulfuric  acid  were  refluxed  for  5  hrs.  The  reaction  mixture  was  carefully  treated 
with  sodium  hydroxide.  The  uppei  layer  of  organic  bases  was  taken  up  in  ether  and  dried.  After  vacuum  distilla¬ 
tion  there  was  obtained  2.7  g  of  2,5-dim ethyl-4-piperid9ne  (I)  with  b.  p.  71.5*  (8.5  mm),  n*^D  1.4670. 

Oxime  of  l-acetyl-2,5-dimetfiyl-4-pipertdone  (IXa)  and  (IX b).  a)  To  a  solution  of  6  g  of  l-acetyl-2,5- 
dlmethyl-4-plperldone  (Ila)  with  m.  p.  60-61*  and  3  g  of  hydroxylamlne  hydrochloride  in  10  ml  of  water  there 
was  added  6  g  of  sodium  bicarbonate.  The  resulting  precipitate  (6.5  g)  of  the  oxime  of  l-acetyl-2,5-dlmethyl- 
4-plperidone  (IXa)  melted  at  159-160*,  after  recrystallization  from  alcohol. 

Found  <55,:  N  15.02,  15.32.  CgHj^OjNj.  Calculated  <^o:  N  15.22. 

b)  Analogously,  from  2  g  of  l-acetyl-2,5-dlmethyl-4-plperldone  (Ilb),  2  g  of  sodium  bicar¬ 

bonate,  1  g  of  hydroxylamlne  hydrochloride  and  10  ml  of  water,  the  oxime  (IXb)  (1.2  g)  with  m.  p.  179-181* 

(from  alcohol)was  prepared. 

Found  °lo:  N  15.18,  15.36.  CgHigOjN,.  Calculated  <55,:  N  15.22. 

l-Acetyl-2,5-dlmethyl-4-aminoplperldine  (Xa)  and  (Xb).  a)  To  a  boiling  solution  of  4  g  of  oxime  (IXa) 

(m.  p.  159-160*)  In  50  ml  of  anhydrous  alcohol  there  was  added.  In  small  pieces  but  quite  rapidly,  5  g  of  metallic 
sodium.  The  last  portion  of  sodium  was  dissolved  by  heating.  The  excess  alcohol  was  distilled  In  slight  vacuum 
and  the  residue  was  dissolved  In  water  and  repeatedly  extracted  with  ether.  After  distillation  of  ether  from  the 
ethereal  extract  which  had  been  dried  with  sodium  sulfate,  there  remained  2  g  of  a  liquid  which  was  distilled  in 
vacuum.  There  were  obtained  the  following  fractions:  1st,  b.  p.  45-53*  (3  mm),  0.3  g,  n®D  1.4791;  and  2nd, 
b.  p.  138-140*  (3  mm),  0.6  g,  n*D  1.4950. 

From  the  second  fraction  there  was  obtained  0.5  g  of  hydrochloride  of  l-acetyl-2,5-dlmethyl-4-amino- 
plperldlne  (Xa)  with  m.  p.  273-275*  (from  anhydrous  alcohol). 

Found  <55,:  N  13.36,  13.05.  CgHigONjCl.  Calculated  <55,:  N  13.56. 
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b)  The  reduction  of  oxime  of  l-acetyl-2,5-dimethyl-4-piperidone  (IXb)  (m.  p.  179-181*)  was  run  analo¬ 
gously;  1  g  of  the  oxime,  1.3  g  of  sodium  and  20  ml  of  anhydrous  alcohol  being  used.  Hydrogen  chloride  was 
passed  into  the  ethereal  solution  of  the  base,  after  separation  from  the  drying  agent.  An  oil  formed,  which  crystal¬ 
lized  after  addition  of  alcohol.  After  recrystallization  from  alcohol  there  was  obtained  0.2  g  of  the  hydrochloride 
of  l-acetyl-2,5-dlmethyl-4-amlnoplperldlne  (Xb)  with  m.  p.  328-331*. 

Found  N  13.87.  C9H19ON2CI.  Calculated  <7o;  N  13.56. 

Hydrazone  of  l-acetyl-2,5-dimethyl-4-piperidone  (XI).  To  40  g  of  l-acetyl-2,5-dlmethyl-4-plperldone 
(Ila)  (m.  p.  60-61*)  there  was  added  carefully  with  shaking  and  cooling  35  ml  of  hydrazine  hydrate.  The 
mixture  was  heated  on  a  boiling  water  bath  for  30  min.  The  excess  hydrazine  hydrate  was  distilled  off  and  the 
residue  was  twice  distilled  in  vacuo.  There  was  obtained  32  g  of  the  hydrazone  of  l-acetyl-2,5-dlmethyl-4- 
plperldone  (XI)  with  b.  p.  162-164*  (3  mm),  n^D  1.5338. 

Founder  N  22.48,  22.70.  C9H17ON3.  Calculated  N  22.95. 

After  distillation  of  hydrazone  (XI)  there  remained  a  residue  from  which  there  was  isolated  the  azlne  of 
l-acetyl-2,5-dimethyl-4-plperidone  (XII)  with  b.  p.  225-230*  (3  mm). 

Found  ojo\  N  17.04,  16.80.  C18H30O2N4.  Calculated  %:  N  16.77. 

l-AcetyI-2,57dimethylpipertdine  (XIII)  and  2,5-dimethylpiperidine  (XIV).  30  g  of  freshly  distilled  hydra¬ 
zone  of  l-acetyl-2,5-dlmethyl-4-piperidone  (XI)  and  7  g  of  fused  potassium  hydroxide  were  heated  in  a  flask, 
provided  with  a  distilling  condenser,  up  to  120*.  Immediately  a  decomposition  of  the  hydrazone  began 
accompanied  by  a  violent  evolution  of  nitrogen  and  distillation  of  a  liquid.  The  vapor  temperature  reached  130- 
200*.  Additional  23  g  of  fused  potassium  hydroxide  was  added  in  small  portions  during  the  course  of  the  decom¬ 
position.  The  distilled  substance  was  dissolved  in  absolute  ether,  dried  with  potassium  carbonate  and  distilled. 
There  were  obtained  the  following  fractions:  1st,  b.  p.  137-138*  (4.7  g),  n^^D  1.4440,  and  2nd,  b.  p.  88-91* 

(3  mm)  5.9  g,  n^D  1.4742. 

The  first  fraction  was  a  volatile  liquid  with  a  sharp  amine  odor,  which  was  2,5-dlmethylplperldine  (XIV). 

Its  hydrochloride,  after  two  recrystallizations  from  acetone,  melted  at  196-197*. 

Found  %:  Cl  23.74,  23.67.  C7H16NCI.  Calculated  Cl  23.74. 

The  second  fraction  —  a  liquid  with  unpleasant  odor  —  was  l-acetyl-2,5-dimethylplperldine  (XIII). 

Found  %:  N  8.70,  9.04.  CgHjyON.  Calculated  %:  N  9.03. 

2  g  of  l-acetyl-2,5-dimethylpiperidine  (XIII)  was  heated  with  5  g  of  potassium  hydroxide  at  about  200*. 
There  distilled  1  g  of  a  liquid,  which  yielded  the  above- described  hydrochloride  of  2,5-dimethylplperldlne  by 
the  conventional  treatment. 

l-Propionyl-2,5-dimethyl-4-piperidone  (III).  To  a  solution  of  60  g  of  freshly  distilled  2,5-dlmethyl-4- 
plperldone  in  100  ml  of  anhydrous  benzene  there  was  added,  with  cooling  and  stirring,  22  g  of  propionyl  chloride 
dissolved  in  50  ml  of  benzene.  The  reaction  mixture  was  stirred  for  2  hrs  at  room  temperature.  The  resulting 
precipitate  of  the  hydrochloride  of  the  original  piperidone  was  filtered  off  and  washed  with  benzene.  From  the 
mother  liquor  there  was  isolated  by  a  vacuum  distillation  36.5  g  of  l-proplonyl-2,5-dlmethyl-4-plperidone  (III) 
with  b.  p.  123-126*  (2.5  mm). 

Found  N  7.69,  7.79,  C10H17O2N.  Calculated  %:  N  7.65. 

From  the  resulting  mixture  of  stereoisomerlc  l-proplonyl-2,5-dlmethyl-4-piperldones  (HI)  there  was  iso¬ 
lated  the  oxime  with  m.  p.  103-104.5*  (from,  aqueous  alcohol). 

Found  %:  N  14.07,  13.91.  C10H18O2N2.  Calculated  <7o:  N  14.14. 

l-Benzoyl-2,5-dimethyl-4-piperidone  (IV).  To  150  g  of  freshly  distilled  2,5-dimethyl-4-plperidone  in 
150  ml  of  benzene  there  was  added  with  cooling  and  stirring  a  solution  of  83  g  of  benzoyl  chloride  In  50  ml  of 
benzene.  The  mixture  was  heated  for  5  hrs  at  gentle  reflux  of  benzene.  The  precipitate  was  filtered  off  and 
repeatedly  washed  on  the  filter  with  benzene  and  ether.  There  was  obtained  65.4  g  of  the  hydrochloride  of  2,5- 
dlmethyl-4-plperidone  which  was  recrystallized  from  a  mixture  of  acetone  and  alcohol.  Thereby  there  was  ob- 
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talned  at  first  45.6  g  of  crystals  with  m.  p.  143-145",  while  from  the  mother  liquors  there  were  obtained  In  succes¬ 
sion  three  precipitates  of  6.5,  5.8  and  0.7  g,  whose  melting  points  depended  on  the  temperature  at  which  the  sam¬ 
ples  were  Introduced  Into  the  melting  point  apparatus.  If  the  sample  were  heated  gradually  from  20-30",  It  melted 
Just  as  the  first  Isolated  portion  of  the  crystals  at  143-145";  If  the  sample  were  Introduced  Into  the  apparatus  pre¬ 
heated  to  120-130",  the  sample  melted  Instantly. 

The  solvent  was  distilled  from  the  mother  liquor  remaining  after  the  Isolation  of  the  hydrochloride  of  2,5- 
dlmethyl-4-plperldone.  The  residue,  170.5  g,  was  a  viscous  red  liquid  which  was  treated  with  heating  by  means 
of  three  portions  of  ether  of  300  ml  each.  During  the  distillation  of  the  substance  extracted  with  ether,  the  distilla¬ 
tion  being  made  in  vacuum,  there  was  obtained  117.5  g  of  l-benzoyl-2,5-dlmethyl-4-plperldone  (IV)  in  the  form 
of  a  viscous  liquid  with  b.  p.  173"  (3  mm),  n^D  1.5480. 

Found  <7o:  N  6.10,  6.10.  Cj4Hi70jN.  Calculated  <7o:  N  6.06. 

The  plperldone  crystallized  after  addition  of  absolute  ether  and  cooling. 

The  precipitate  was  filtered  off  and  washed  with  ether.  There  was  obtained  36  g  of  crystals  with  m.  p.  60- 
67",  while  from  the  mother  liquor  there  was  Isolated  further  some  22.4  g  of  crystals  with  m.  p.  58-63".  The  first 
precipitate  (36  g)  was  recrystalllzed  from  ether.  There  was  obtained  27.3  g  of  one  of  the  stereolsomerlc  forms 
of  l-benzoyl-2,5-dlmethyl-4-plperldone  with  m.  p.  65.5-67.5". 

Found  %:  N  6.53,  6.33.  Cj^HjtOjN.  Calculated  <7o:  N  6.06. 

The  oxime  of  this  Isomer  melted  at  172-173"  (from  alcohol). 

After  the  Isolation  of  crystalline  fractions  of  the  plperldone  there  remained  an  uncrystalllzable  oil  substance 
which  was  a  mixture  of  stereolsomerlc  l-benzoyl-2,5-dlmethyl-4-plperldones.  From  3.8  g  of  this  substance  there 
was  obtained  2.9  g  of  a  mixture  of  oximes  of  stereolsomerlc  plperldones  with  m.  p.  147-159"  (from  alcohol;  one 
of  the  precipitates). 

Found  <70:  N  11.71,  11.39.  CuHigOjN,.  Calculated  <7o:  N  11.38. 

In  benzoylatlon  of  2,5-dlmethyl-4-pIperldones  under  other  conditions  there  were  obtained  the  following 
results: 

a)  From  45  g  of  2,5-dlmethyl-4-plperldone  and  42  ml  of  benzoyl  chloride  after  heating  to  90-95"  for  4  hrs 
there  was  obtained  34  g  of  l-benzoyl-2,5-dlmethyl-4-plperldone  and  12  g  of  the  starting  plperldone  (I). 

b)  There  was  used  45  g  of  2,5-dlmethyl-4-plperldone,  60  g  of  sodium  hydroxide  dissolved  In  105  ml  of 
water  and  84  g  of  benzoyl  chloride.  The  reaction  was  run  with  cooling  with  Ice  water.  There  was  obtained  53  g 
of  l-benzoyl-2,5-dlmethyl-4-plperldone. 

Hydrolysis  of  l-benzoyl-2,5-dlmethyl-4-plperidone.  2  g  of  1 -benzoyl -2, 5 -dim ethyl -4 -plperldone  was  heated 
for  10  hrs  at  100*  wltli  20  ml  of  20%  sul furlc  acid.  Benzoic  acid  was  extracted  with  ether.  From  the  aqueous  solu¬ 
tion,  after  an  alkaline  treatment  and  extraction  with  ether,  there  was  Isolated  1  g  of  a  liquid,  after  die  distillation 
of  which  In  vacuo  there  was  obtained  0.3  g  of  2,5-dlmethyl-4-plperldone  (I)  with  b.  p.  80*‘(9  mm),  n*®D  1.4665. 
Plcrate  (from  alcohol),  m.  p.  167-168°. 

l-p-Nltrdbenzoyl-2,5-dlmethyl-4-plperldone  (V).  56  g  of  2,5-dlmethyl-4-plperldone,  41.2  g  of  p-nltro- 

benzoyl  chloride  (m.  p.  73-74.5")  and  200  ml  of  anhydrous  benzene  were  heated  for  5  hrs  at  the  boiling  point  of 
benzene.  The  hydrochloride  of  2, 5-dlm ethyl -4 -plperldone  was  filtered  off  and  washed  with  100  ml  of  benzene. 
The  precipitate  which  remained  after  the  distillation  of  benzene  was  recrystalllzed  from  acetone.  There  was  ob¬ 
tained  22  g  of  a  mixture  of  stereolsomerlc  l-p-nltrobenzoyl-2,5-dlmethyl-4-plperldones  with  m.  p.  128-138*. 

By  repeated  crystallization  from  acetone  there  was  Isolated  one  of  the  stereolsomerlc  l-p-nltrobenzoyl-2,5-dl- 
methyl-4-plperldones  (V)  with  m.  p.  144-146*. 

Found  %:  N  10.20,  10.39.  CuHigO^Nj.  Calculated  %:  N  10.14. 

l-Methylsulfonyl-2,5-dlm ethyl -4-plperldone  (VI).  Methanesulfonyl  chloride  (18.2  g)  dissolved  In  25  ml 
of  anhydrous  benzene  was  added  slowly  with  cooling  and  stirring  to  a  solution  of  32.5  g  of  2,5-dlmethyl-4-plperl- 
done  (I)  In  100  ml  of  benzene.  After  stirring  for  2  hrs  at  room  temperature  the  precipitate  of  the  hydrochloride 
of  2, 5-dlmethyl -4- plperldone  (21.5  g)  was  filtered  off  and  washed  repeatedly  with  benzene.  The  solvent  was 
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distilled  from  the  mother  liquor  under  slight  vacuum.  There  was  obtained  35.2  g  of  a  viscous  light  red  oil.  2  g 
of  this  residue  was  subjected  to  a  vacuum  distillation.  There  was  obtained  1.8  g  of  a  substance  with  b.  p.  130- 
136“  (10  mm),  which  crystallized  Immediately  In  the  receiver.  After  recrystalllzation  from  a  mixture  of  acetone 
and  ether  there  was  Isolated  one  of  the  stereoisomers  of  l-methylsulfonyl-2,5-dlmethyl-4-plperldones  (Via)  with 
m.  p.  98-100*. 

Found  N  7.15,  7.22.  C8HJ5O3NS.  Calculated  %:  N  6.83. 

To  the  remaining  33.2  g  there  was  added  100  ml  of  absolute  ether.  The  resulting  precipitate  was  filtered 
off  and  washed  with  absolute  ether.  There  was  obtained  17.9  g  of  colorless  crystals  with  m.  p.  49-60*.  From  the 
mother  liquor  there  were  Isolated  two  more  precipitates  of  4.4  g  with  60-64*  and  2.4  g  with  m.  p.  58-65*.  These 
were  mixtures  of  stereoisomerlc  l-methylsulfonyl-2,5-dimethyl-4-plperldones. 

Analysis  of  precipitate  with  m.  p.  49-60*. 

Found  %:  N  6.68,  6.67.  CgHjgOjNS.  Calculated  °Jo:  N  6.83. 

The  oxime  obtained  from  the  mixture  of  stereoisomerlc  l-methylsulfonyl-2,5-dlmethyl-4-piperidones 
melted  at  151-155*  (from  alcohol). 

Found  N  13.15,  13.00.  CgHjsOaNjS.  Calculated  %:  N  12.77. 

1  g  of  the  mixture  of  stereoisomerlc  plperldones  (VI)  with  m.  p.  49-60*  was  recrystallized  twice  from  abso¬ 
lute  ether.  There  was  obtained  0.3  g  of  a  second  stereoisomerlc  form  of  l-methylsulfonyl-2,5-dlmethyl-4-plperl- 
done  (VIb)  with  m.  p.  76-78*,  which  melted  at  58-63*  In  a  mixed  melting  point  with  the  above-described  Isomer 
(Via)  with  m.  p.  98-100*. 

Found  %:  N  6.90,  6.99.  CgHjjOgNS.  Calculated  <^o:  N  6.83. 

The  oxime  of  the  lower  melting  Isomer  of  l-metiiylsulfonyl-2,5-dlmethyl-4-plperldone  melted  at  168.5- 
170*  (from  aqueous  acetone).  The  oxime  of  the  high  melting  Isomer  of  l-methylsulfonyl-2,5-dlmethyl-4-plperl- 
done  had  m.  p.  166-167*  (from  aqueous  acetone).  The  mixed  melting  point  of  the  two  oximes  of  Isomeric  plperl- 
done  (VI)  was  148-157*. 

Isomerization  of  low  melting  Isomer  of  l-metfaylsulfonyl-2,5-dlmethyl-4-piperldone  (VIb)  into  the  hlgh- 
meltlng  isomer  (Via),  a)  l-Methylsulfonyl-2,5-dlmethyl-4-plperidone  (VIb;  0.1  g;  m.  p.  76-78*)  was  heated 
without  a  solvent  for  1.5  hr  at  100-120*.  After  addition  of  absolute  ether  there  was  Isolated  0.07  g  of  crystals 
with  m,  p.  93-95*,  which  did  not  give  a  depression  in  mixed  melting  point  wltii  the  high  melting  isomer  of 
1-methylsul  fonyl-2,5-dlmethyl-4-plperidone  (Via). 

b)  A  solution  of  0.2  g  of  l-methylsulfonyl-2,5-dimethyl-4-piperidone  (VIb)  with  m.  p.  76-78*  in  20  ml  of 
dry  chloroform  was  heated  on  a  water  bath  witli  stirring  for  2  hrs  with  3  g  of  aluminum  oxide.  After  distillation 
of  chloroform  and  addition  of  etlier,  the  residue  crystallized.  There  was  Isolated  0.15  g  of  the  high  melting  Iso¬ 
mer  of  l-metliylsulfonyl-2,5-dimethyl-4-plperidone  (Via)  with  m.  p.  96-98*. 

c)  1.5  g  of  a  mixture  of  stereolsomeric  l-melliylsulfonyl-2,5-dlmelhyl-4-plperldones  (VI)  with  m.  p.  49- 
60“  was  heated  without  a  solvent  for  20  min  at  120-130*.  After  addition  of  2  ml  of  acetone  there  formed  a  pre¬ 
cipitate  which,  after  being  washed  with  ether,  was  heated  In  acetone  solution  with  activated  carbon.  There  was 
obtained  0.52  g  of  crystals  with  m.  p.  95-97*,  which  in  mixed  melting  point  with  the  above- described  sample  of 
l-metliylsulfonyl-2,5-dimethyl-4-piperldone  (Via)  gave  no  depression. 


l-Benzciicsulfonyl-2,5-dimethyl-4-plperidone  (VII).  2,5-Dlmethyl-4-plperldone  (17  g),  40  ml  of  a  12% 
aqueous  solution  of  sodium  hydroxide  and  42  g  of  benzenesulfonyl  chloride  were  heated  for  8  hrs  on  a  water  bath 
with  energetic  stirring.  A  crystalline  precipitate  (25  g)  formed  on  cooling;  this  was  l-benzenesulfonyl-2,5-dl- 
metliyl-4-piperidone  witli  m.  p.  124-126“  (from  anliydrous  alcohol). 

Found  %:  N  5.06,  5.10.  Ci3Hj-,C\NS.  Calculated  %:  N  5.24. 

1,1’-  Adipov  Ibis  (2.5-diinethyl-4-piperldone)(VIII).  20  g  of  2,5-dimethyl-4-plperldone  and  7.6  g  of  the 
cliloride  of  adipic  acid,  dissolved  in  40  ml  of  benzene,  were  heated  for  2.5  hrs  at  the  boiling  point  of  benzene. 
After  distillation  of  benzene,  the  residue  was  dissolved  in  20  ml  of  water,  treated  with  sodium  hydroxide  and  then 
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with  200  ml  of  ether.  After  drying  of  the  ethereal  solution  v^ith  sodium  sulfate  and  distillation  of  the  edier,  there 
was  obtained  23.4  g  of  an  oily  substance  from  which  there  wasvacuum  distilled  9  g  of  the  Initial  2,5-dlmethyl- 
4-plperldone  (I).  The  remaining  viscous  mass  was  treated,  with  heating,  wldi  4  portions  of  ether,  30  ml  each. 

From  the  combined  ethereal  extracts  there  formed,  after  cooling  and  partial  removal  of  ether,  a  colorless  precipi¬ 
tate  (0.9  g)  of  l,l'-adipoylbis(2,5-dimethyl-4-piperidone)withm.p.  1^4-108*  (after  washing  with  absolute  edier). 

Founder  N  7.46,  7.76.  C20H32O4N2.  Calculated  N  7.69. 

l-Dlethylamlnoacetyl-2,5-dlmethyl-4-plperldone  (XV).  To  a  solution  of  17  g  of  2,5-dlmethyl-4-plperldone 
In  2.5  ml  of  benzene  there  was  added  with  cooling  and  stirring  a  solution  of  22  ml  of  chloroacetyl  chloride  In  25 
ml  of  benzene.  The  red  homogeneous  solution  was  heated  for  5  hrs  at  the  boiling  point  of  benzene.  Then,  30  ml 
of  dlethylamlne  was  added  and  heating  was  continued  for  4  hrs  at  the  boiling  point  of  the  amine.  The  benzene 
and  the  excess  dlethylamlne  were  distilled  off  In  vacuo.  The  residue  was  dissolved  In  water  and  was  treated  with 
sodium  carbonate  until  saturated.  The  reaction  products  were  extracted  with  ether  and  were  vacuum  distilled 
after  having  been  dried.  There  was  obtained  14  g  of  l-dlethylamlnoacetyl-2,5-dlmethyl-4-plperidone.  In  the 
form  of  a  viscous  liquid  with  b.  p.  145*  (3  mm). 

Found  N  11.63,  11.56.  CiaHjjOjNj.  Calculated  N  11.66. 

There  was  also  obtained  7.4  g  of  a  substance  boiling  at  60-145“  (3  mm)  and  a  residue  of  5.5  g  which  dis¬ 
solved  readily  In  hydrochloric  acid. 

l-N-Plperldylacetyl-2,5-dlm ethyl -4-plperldone  (XVI).  2,5-Dlmelhyl-4-plperldone  (22.7  g  ),  17  ml  of 
chloroacetyl  chloride  and  50  ml  of  benzene  were  heated  for  2  hrs  at  the  boiling  point  of  benzene.  The  excess 
chloroacetyl  chloride  and  benzene  were  distilled  off  In  vacuo.  To  the  residue  there  was  added  50  ml  of  benzene 
and  40  ml  of  fredily  distilled  piperidine.  The  mixture  was  heated  for  4  hrs  at  50-60*.  The  piperidine  and  ben¬ 
zene  were  distilled  off  In  vacuo  and  the  residue  was  dissolved  In  water  and  treated  with  sodium  carbonate,  after 
which  an  ether  extraction  was  made. 

After  distillation  of  the  reaction  products  In  vacuum  there  was  obtained  17.5  g  of  l-N-plperdylacetyl-2,5- 
dlmethyl-4-plperidone  (XVI)  In  the  form  of  a  slrupy  liquid  with  b.  p.  136*  (2.5  mm). 

Found  N  10.84,  10.78.  CwHa^OjNj.  Calculated  N  11.11. 

l-N-Piperldylacetyl-2,5-dlmethyl-4-plperldone  hydrochloride  melted  at  205-207*  after  recrystalllzatlon 
from  acetone. 

Found  %:  N  9.81,  9.81.  C14H25O2N2CI.  Calculated  N  9.70, 

SUMMARY 

A  series  of  l-acyl-2,5-dlmethyl-4-plperldones  was  prepared.  Some  of  these  were  obtained  In  two  geo¬ 
metrically  Isomeric  forms  (cis  and  trans).  It  was  shown  that  one  of  the  isomeric  plperldones  had  less  stability 
and  Isomerlzed  relatively  readily  Into  the  more  stable  form. 
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CONDENSATION  OF  ACETALS  WITH  1  -  ET  HO  X  Y  DI  E  N  ES 


A  NEW  METHOD  OF  SYNTHESIS  OF  POLYENE  ALDEHYDES  OF  ISOPRENE  TYPE 
I.  N.  Nazarov  and  Zh,  A.  Krasnaia 


Vinyl  ethers  have  been  successfully  used  In  recent  years  for  the  synthesis  of  polyene  aldehydes  of  the  caro¬ 
tenoid  series. 

In  the  condensation  of  acetals  witfi  vinyl  ethyl  or  propenyl  ethyl  ethers  there  are  formed  ether  acetals  which 
are  then  transformed  into  a,  0 -unsaturated  aldehydes  by  the  following  scheme  [1,  2]: 


11CM=GII(:H(()R), 


CH,-CIIOR 


RGH=GII— C(I=CnCIIO 


R  G  H =G  1 1 — G 1 1 — G I  C  H  ( O  R * 

I 

UR 


RGH=GH— GH=Gn— C[l(OI{)o 


cn,('ii-=(MioR 


GHa 

I 

RGH=GH— GH=CH— GM— GH— GIlfOR)., 

I 

UR 


Glia 

I 

RGII==GII— GIF=Gn— GH=G— GIIU 


Use  of  vinyl  ethyl  and  propenyl  ethyl  esters  permits  one  to  grow  tlie  polyene  chain  by  two  and  three  carbon 
atoms  with  introduction  of  one  double  bond. 

We  decided  to  use  in  the  synthesis  of  polyene  aldehydes  the  dienic  ethers  which  had  not  been  previously 
used  for  this  purpose.  For  1-alkoxydienes  we  selected  l-ethoxy-l,3-butadlene  [3]  (I)  and  ethoxylsoprene  (3-methyl - 
l-ethoxy-l,3-butadiene)  (II)  which  had  been  recently  synthesized  in  our  laboratory  [4].  The  use  of  ethoxylsoprene 
would  permit  one  to  lengthen  the  polyene  chain  by  5  carbon  atoms  at  once,  witii  introduction  of  2  double  bonds 
and  a  methyl  group  into  the  position  necessary  for  the  isoprenoids. 

As  expected,  the  condensation  of  acetals  of  a,  6 -unsaturated  aldehydes  with  ethoxybutadlene  and  ethoxy¬ 
lsoprene  proceeded  readily  under  the  influence  of  zinc  chloride  or  boron  trlfluorlde.  The  acetals  add  to  ethoxy- 
butadiene  and  ethoxylsoprene  In  1,4-posltlon;  tiiereby  are  formed.  In  high  yields,  the  corresponding  a,  fl -unsatura¬ 
ted  ether  acetals,  which  are  then  smoothly  converted,  depending  on  the  reaction  conditions,  to  ether  aldehydes 
and  polyeneals. 

In  the  reaction  of  the  acetal  of  crotonaldehyde  (III)  with  ethoxybutadleive(I),  under  tiie  Influence  of  boron 
trlfluorlde  at  the  temperature  of  0-5*,  there  was  obtained  In  the  total  yield  of  97%  a  mixture  of  the  ether  acetals 
(IV),  (V)  and  (VI)  (see  diagram  at  top  of  following  page). 

Formation  of  ether  acetal  (V)  is  explained  by  the  fact  that  tiie  resulting,  from  die  reaction,  etiier  acetal  (IV) 
is  In  turn  added  to  a  second  molecule  of  ethoxybutadlene.  Ether  acetal  (VI)  Is  formed  analogously  from  ether  ace¬ 
tal  (V)  and  ethoxybutadlene.  From  ether  acetal  (IV),  Isolated  In  pure  state,  and  ethoxybutadlene  diere  were  ob¬ 
tained,  In  the  presence  of  boron  trlfluorlde  ethereate,  die  ether  acetals  (V)  and  (VI)  In  yields  of  38%  and  36%, 
respectively.  As  the  result  of  the  condensation  of  the  acetal  of  dim  ethyl  acryl  aldehyde  (VII)  with  ethoxybutadlene, 
under  the  influence  of  boron  trlfluorlde  ethereate  at  0-5*  or  zinc  chloride  at  60-65*,  tiiere  was  obtained  a  mixture 
of  ether  acetals  (VIII),  (IX)  and  (X),  In  the  total  yield  of  83.5%.  In  the  condensation  of  ether  acetal  (VIII)  with 
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ethoxybutadiene  there  were  formed  ether  acetals  (IX)  and  (X),  in  yields  of  22.5  and  32%,  respectively.  Ethoxy- 
Isoprene  (H)  enters  the  reactions  with  the  acetals  even  more  readily  than  does  ethoxybutadiene.  In  tiie  reaction 
of  acetal  (VII)  with  ethoxyisoprene  (H),  under  the  Influence  of  zinc  chloride  at  room  temperature,  there  was  ob¬ 
tained  in  the  total  yield  of  89%  a  mixture  of  ether  acetals  (XI),  (XII)  and  (XIII). 
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In  the  condensation  of  ether  acetal  (XI)  with  ethoxyisoprene  under  the  same  conditions  there  were  formed 
elher  acetals  (XII)  and  (XIII)  in  yields  of  41  and  25%,  respectively. 

The  reactions  of  acetals  with  ethoxydlenes,  as  shown  by  our  experiments,  do  not  proceed  singularly:  as  the 
result  of  the  reaction  there  is  formed  a  mixture  of  ether  acetals,  which  are  the  products  of  addition  of  one,  two 
or  three  molecules  of  the  ethoxydlene  to  die  acetal.  The  formation  of  ether  acetals  with  high  molecular  weight 
is  explained  by  die  fact  that  as  the  result  of  addition  of  die  unsaturated  acetal  to  ethoxydlene  dierc  is  formed 
again  an  unsaturated  ether  acetal,  which  enters  sufficiently  readily  into  a  reaction  with  a  second  molecule  of 
the  ethoxydlene,  etc.  In  order  diat  the  main  reaction  products  be  ether  acetals  formed  as  die  result  of  addition 
of  one  or  two  molecules  of  ethoxydlene  to  the  acetal,  it  is  necessary  to  use  the  excess  of  the  acetal.  The  effect 
of  the  excess  acetal  (VII)  on  the  yield  of  die  resulting  ether  acetals  is  evident  in  the  example  of  condensation  of 
acetal  (VII)  with  edioxylsoprene  (II)  under  the  Influence  of  zinc  chloride  (see  Table  below). 

We  also  realized  the  condensation  of  acetal  (VII)  with  vinyl  ethyl  ether.  In  this  case  we  used  equimolar 
amounts  of  die  acetal  (VII)  and  the  vinyl  ethyl  edier,  and  nevertheless  obtained  only  one  ether  acetal  (XIV)  in 
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the  yield  of  this  being  converted  then  Into  2 -methyl-2, 4-hexadlen-6-al  (XV). 
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The  singularity  of  course  of  the  reaction  In  this  case  Is  evidently  explained  by  the  fact  that  the  rate  of  addi¬ 
tion  of  the  unsaturated  acetal  (VII)  to  vinyl  ethyl  ether  is  greater  than  the  rate  of  addition  of  die  resulting  satura¬ 
ted  etiier  acetal  (XIV). 

Ether  acetals,  resulting  from  the  condensation  of  acetals  of  a,  S -unsaturated  aldehydes  with  ethoxydienes, 
are  quite  stable  compounds  which  are  distillable  In  vacuo  of  0.1  mm  without  decomposition  and  their  separation 
does  not  present  any  difficulties.  The  ether  acetals  were  converted  in  high  yield  Into  polyene  aldehydes  by  heat¬ 
ing  with  a  mixture  of  sodium  acetate  and  acetic  acid  (Isler  method).  In  this  manner  there  were  prepared;  2,4,6- 
octatrlen-8-al  (XVI)  from  ether  acetal  (IV)  (yield  88<yo);  2-methyl-2,4,6-octatrlen-8-al  (XVII)  from  ether  acetal 
(VIII)  (yield  95%);  dehydrocltral  (XVIII)  from  ether  acetal(XI)  (yield  89%)  and  2-methyl-2,4,6,8,10-dodecapen- 
taen-12-al  (XIX)  from  ether  acetal  (IX)  (yield  72%), 

We  found  that  ether  acetals  are  quantitatively  hydrolyzed  to  ether  aldehydes  under  the  Influence  of  1% 
ortho  phosphoric  add. 

From  ether  acetals  (XI),  (XII),  (XIII),and  (V)  there  were  obtained  4- ethoxy cltral  (XX),  4,8-dlethoxyfarnesal 
(XXI),  2,6,10,14-tetramethyl-4,8,12-triethoxy-2,6,10,14-hexadecatetraen-16-al  (XXII)  and  4,8-diethoxy-2,6,10- 
dodecatrlen-12-al  (XXIII). 

The  ether  aldehydes  are  readily  converted  to  polyenals  by  the  action  of  p-toluenesulfonlc  acid  In  toluene. 
By  this  method  there  were  prepared  2,4,6,8,10-dodecapentaen-12-al  (XXIV)  and  farnesal  (XXV)  from  ether  alde¬ 
hydes  (XXI)  and  (XXIII);  these  substances  could  not  be  prepared  directly  from  the  ether  acetals  (V)  and  (XII). 
4-Ethoxycltral  (XX)  was  converted  in  92%  yield  Into  dehydrocltral  (XVIII). 
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All  polyenals,  except  (XVII)  were  obtained  In  a  crystalline  form.  Aldehydes  (XVI),  (XXIV)  and  (XVIII)  had 
melting  points  corresponding  to  the  literature  data  [5-7]  and  did  not  give  a  depression  In  mixed  melting  wltii  the 
corresponding  aldehydes  Isolated  previously  by  us  from  the  polyene  condensation  of  crotonaldehyde  and  dlmethyl- 
acrylaldehyde  under  the  effect  of  piperidine  acetate;  the  melting  point  of  (XXV)  corresponded  to  the  literature 
data  [7].  Polyenals  (XIX)  and  (XVII)  were  prepared  for  the  first  time  and  the  latter  was  subjected  to  exhaustive 
hydrogenation  to  2-methyloctanal,  the  melting  point  of  whose  2,4-dlnltrophenylhydrazone  agreed  with  the  litera¬ 
ture  data  [8]. 
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Condensation  of  acetals  of  a, 3 -unsaturated  aldehydes  with  ethoxyisoprene  and  ethoxybutadiene  is  a  new 
and  convenient  method  of  synthesis  of  polyene  aldehydes. 

EXPERIMENTAL 

Condensation  of  diethyl  acetal  of  crotonaldehyde  (III)  with  ethoxybutadiene  (I).  To  a  mixture  of  24  g  of 
acetal  (III)  and  0.12  g  of  boron  trifluoride  etherate,  cooled  to  0“,  there  was  added  over  1.5  hr  with  mechanical 
stirring  under  a  nitrogen  atmosphere  11  g  of  ethoxybutadiene  (I).  The  mixture  was  stirred  for  3.5  hrs  at  0-10*, 
was  then  diluted  with  ether,  washed  with  5%  solution  of  sodium  hydroxide,  water,  dried  with  potassium  carbonate 
and  distilled  in  vacuo. 

The  following  substances  were  isolated. 

1)  7  g  of  unreacted  acetal  (III)  with  b.  p.  66-70"  (25  mm),  n®D  1.4120. 

2)  12  g  of  4,8,8-triethoxy-2,6-octadiene  (IV). 

B.  p.  59-61*  (0.09  mm),  n“D  1.4435,  d4“  0.9026,  MR  71.22:  calc.  70.84.  Found  %:  C  69.95,  69.82; 

H  10.74,  10.97.  Ci^HjeOj.  Calculated  %:  C  69.40;  H  10.73. 

3)  6.4  g  of  4,8,12,12-tetraethoxy-2,6,10-dodecatriene  (V). 

B.  p.  105-110*  (0.05  mm),  n*“D  1.4555,  d4“  0.9245,  MR  100.0;  calc.  99.73.  Found  C  70.90,  70.82; 

H  10.81,  10.63.  C20H36O4.  Calculated  70:  C  70.60;  H  10.58. 

4)  3.4  g  of  4,8,12,16,16-pentaethoxy-2,6,10,14-hexadecatetraene  (VI). 

B.  p.  140-145*  (0.05  mm),  n^D  1.4610,  d4“  0.9344,  MR  128.8;  calc.  128.62.  Found  C  71.45,  71.11; 

H  10.72,  10.54.  C25H46O5.  Calculated  C  71.20;  H  10.57. 

Condensation  of  4,8,8-triethoxy-2,6-octadiene  (IV)  with  ethoxybutadiene  (I).  By  the  above  described  me¬ 
thod  there  was  obtained  from  19  g  of  ether  acetal  (IV),  3.85  g  of  ethoxybutadiene  (I)  and  0.05  g  of  boron  trifluoride 
etherate,  10.5  g  of  unreacted  ether  acetal  (IV),  5.1  g  of  ether  acetal  (V)  and  3.1  g  of  ether  acetal  (VI). 

2,4,6-Octatrien-l-al  (XVI).  A  mixture  of  3.3  g  of  ether  acetal  (IV),  1.1  g  of  sodium  acetate,  0.7  ml  of 
water  and  11  ml  of  acetic  acid  were  stirred  for  4.5  hrs(95')in  a  stream  of  nitrogen.  The  reaction  mixture,  after 
cooling,  was  poured  into  30  g  of  ice  and  the  resulting  oil  was  extracted  with  petroleum  ether.  The  extract  was 
washed  with  5%  solution  of  sodium  bicarbonate  and  water  and  was  dried  with  calcined  magnesium  sulfate.  After 
distillation  under  nitrogen  there  was  obtained  1.45  g  of  a  yellow  liquid  with  b.  p.  54-56*  (0.1  mm)  which  crystal¬ 
lized  after  cooling.  After  two  recrystallizations  from  petroleum  ether  there  was  Isolated  2,4,6-octatrlen-l-al  in 
the  form  of  cream  colored  crystals  with  m.  p.  57.5-58.5*. 

4,8-Diethoxy-2,6,10-dodecatrien-12-al  (XXIII).  A  mixture  of  5  g  of  ether  acetal  (V)  and  2.5  ml  of  10% 
orthophosphorlc  acid  was  heated  with  stirring  under  a  nitrogen  stream  on  a  boiling  water  bath  for  1.5  hr.  After 
being  cooled,  the  reaction  mixture  was  diluted  with  ether,  washed  with  5%  solution  of  sodium  bicarbonate  and 
water,  dried  and  distilled  in  vacuo  in  a  nitrogen  stream.  There  was  obtained  3.4  g  of  ether  aldehyde  (XXIII)  in 
ihe  form  of  a  yellowish  liquid. 

B.  p.  91-94*  (0.03  mm),  n^D  1.4675,  d4“  0.9448.  Found  %:  C  72.26,  72.05;  H  10.04,  10.08.  CigHjsO,. 
Calculated  %:  C  72.15;  H  9.84. 

2,4,6,8,10-Dodecapentaen-12-al  (XXIV).  A  mixture  of  3.4  g  of  ether  aldehyde  (XXIII),  60  ml  of  absolute 
toluene  and  30  mg  of  p-toluenesulfonic  acid  were  heated  under  nitrogen  in  a  Wood  metal  bath  at  bath  tempera¬ 
ture  of  125-130*.  A  slow  distillation  of  toluene  with  alcohol  took  place.  At  the  same  time  toluene  was  added  to 
die  flask  to  maintain  a  constant  volume  of  the  reaction  mixture.  The  distillation  of  alcohol  stopped  after  1  hr 
(test  for  alcohol  content  In  the  distillate  was  made  according  to  Chugaev-Tserevltlnov).  The  reaction  mixture 
was  cooled,  washed  with  5%  solution  of  sodium  bicarbonate  and  water,  dried  and  distilled  In  vacuo  under  a  nitro¬ 
gen  stream.  There  was  obtained  1.4  g  of  substance  with  b.  p.  105-110*  (0.1  mm)  which  began  to  crystallize  dur¬ 
ing  the  distillation.  After  recrystallization  from  petroleum  ether,  then  from  methanol,  there  were  isolated  yellow 
crystals  of  2,4,6,8,10-dodecapentaen-12-al  (XXIV)  with  m.  p.  158-160*. 
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Condensation  of  diethyl  acetal  of  dlmethylacrylaldehyde  (VII)  with  ethoxybutadlene  (I).  To  a  mixture  of 
15  g  of  acetal  (VII)  and  0.1  g  of  boron  trifluoride  etherate,  cooled  to  0®,  there  was  added  with  mechanical  stirring 
in  a  stream  of  nitrogen  over  30  min,  6.2  g  of  ethoxybutadlene  (I).  Then  the  reaction  mixture  was  stirred  for  3.5 
hrs  at  0-10“  and  was  subjected  to  the  usual  treatment.  After  vacuum  distillation  there  were  isolated  the  follow¬ 
ing  substances: 

1)  4.8  g  of  original  acetal  (VII)  with  b.  p.  53-63“  (16  mm),  n^*'®D  1.4220. 

2)  8.1  g  of  2-methyl-4,8,8-triethoxy-2,6-octadiene  (VIII)  in  the  form  of  a  colorless  mobile  liquid. 

B.  p.  80-82“  (0.02  mm),  n^D  1.4476,  d4“  0.9036,  MR  75.9;  calc.  75.46.  Found  C  70.30,  69.99; 

H  10.95,  11.05.  CigHjgOg.  Calculated  <yo:  C  70.40;  H  10.93. 

3)  3.3  g  of  2-methyl -4,8 ,12,12-tetraethoxy-2,6,10-dodecatriene  (IX)  in  the  form  of  a  slightly  yellowish 
liquid. 

B.  p.  126-130“  (0.02  mm),  n“D  1.4595,  d4“  0.9264,  MR  104.7;  calc.  104.34.  Found  %:  C  71.43,  71.36; 

H  10.74,  10.82.  C21H38O4.  Calculated  <^o:  C  71.20;  H  10.73. 

4)  0.3  g  of  2-methyl-4,8,12,16,16-pentaethoxy-2,6,10,14-hexadecatetraene  (X)  in  the  form  of  a  yellow 
viscous  liquid. 

B.  p.  155-160“  (0.02  mm),  n“D  1.4670,  d4“  0.9371,  MR  134.3;  calc.  133.2.  Found  %:  C  71.55,  71.68; 

H  10.62,  10.60.  C2rH4805.  Calculated  %:  C  71.64;  H  10.69. 

Condensation  of  2-methyl-4,8,8-triethoxy-2,6-octadiene  (VIII)  with  ethoxybutadlene  (II).  To  a  mixture 
of  10  g  of  ether  acetal  (VIII)  and  0.04  g  of  boron  trifluoride  etherate,  cooled  to  0“,  tihere  was  added  with  stirring 
over  30  min  3.8  g  of  ethoxybutadlene.  After  4  hrs  at  0-8*,  the  reaction  mixture  was  subjected  to  the  above  de¬ 
scribed  treatment.  After  vacuum  distillation  at  0.06  mm,  there  was  obtained  3.8  g  of  ether  acetal  (VIII)  which 
had  failed  to  react,  3.1  g  of  ether  actal  (IX)  and  2.8  g  of  ether  acetal  (X).  Residue,  3.3  g. 

2-Methyl-2,4,6-octatrlen-8-al  (XVII).  A  mixture  of  5.6  g  of  ether  acetal  (VIII),  1.8  g  of  sodium  acetate, 

I. 1  ml  of  water  and  17.5  ml  of  acetic  acid  was  heated  in  nitrogen  stream  at  95“  with  mechanical  stirring  for  4.5 
hrs.  After  the  usual  treatment,  the  product  was  vacuum  distilled  in  a  stream  of  nitrogen.  There  was  obtained 
2.8  g  of  2-methyl-2,4,6-octatrien-8-al  (XVII)  with  b.  p.  63-64“  (0.02  mm).  Aldehyde  (XVII)  was  an  uncrystal¬ 
lizing  yellow  liquid  with  the  odor  of  2,4,6-octatrien-8-al  (XVI).  The  2,4-  dinltrophenylhydrazone  of  aldehyde 
(XVII)  melted  at  204-205“  (from  a  mixture  of  chloroform  and  methanol). 

Xmax  321,  396.5  mp  .  Found  N  17.81, 17.76.  Cj5Hj504N4.  Calculated  %:  N  17.73. 

2-Methyl -2,4 ,6 ,8 ,10-dodecapentaen-12-al  (XIX).  A  mixture  of  ether  acetal  (IX;  3.4  g),  1.6  g  of  sodium 
acetate,  1  ml  of  water  and  16  ml  of  acetic  acid  was  heated  at  95“  in  nitrogen  stream  for  5  hrs  with  mechanical 
stirring.  After  the  usual  treatment  and  vacuum  distillation  there  was  obtained  1.4  g  of  2-methyl-2,4,6,8,10-dode- 
capentaen-12-al  (XIX)  with  b.  p.  100-105“  (0.06  mm),  which  crystallized  soon  to  a  yellow  crystalline  mass.  After 
two  recrystallizations  from  ethyl  alcohol,  the  aldehyde  (XIX)  was  isolated  in  the  form  of  golden  yellow  leaflets 
with  m.  p.  136-137“. 

Xmax  ethanol)234.5  mp  (log  6  3.96),  271.5  mp  (log  e  3.97),  391  mp  (log  e  4.67).  Found  C 
83.50,83.33;  H  8.68,  8.33.  CijHigO.  Calculated  <7o:  C  83.00;  H  8.52. 

Condensation  of  diethyl  acetal  of  dlmethylacrylaldehyde  (VII)  with  ethoxyisoprene  (II).  To  a  mixture  of 
204  g  of  acetal  (VII)  and  13  ml  of  10%  solution  of  zinc  chloride  in  ethyl  acetate  there  was  added  over  2.5  hrs  at 
20“  with  stirring  35.6  g  of  ethoxyisoprene;  the  temperature  rose  thereupon  to  27“.  Then  die  reaction  mixture  was 
stirred  for  1.5  hr  at  room  temperature  and  45  min  at  35-40“,  after  which  it  was  diluted  with  ether,  washed  with 
5%  solution  of  sodium  hydroxide  and  water,  dried  with  potassium  carbonate  and  vacuum  distilled.  The  following 
products  were  isolated: 

1)  159  g  of  the  Initial  acetal  (VII)  with  b.  p.  65-68“  (24  mm),  n“D  1.4215. 

2)  38.0  g  of  2,6-dlmethyl-4,8,8-triethoxy-2,6-octadiene  (XI)  in  the  form  of  a  colorless  liquid. 

B.  p.  80-81“  (0.1  mm),  n^D  1.4517,  0.9120,  MR  79.82;  calc.  80.08.  Found  %:  C  71.28,  71.20;  H 

II. 10,  11.11.  C16H30O3.  Calculated  %:  C  71.08;  H  11.19. 
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3)  18.0  g  of  2,6,10-trlmethyl-4,8,12,12-tetraethoxy“2,6,10-dodecatrlene  (XII). 

B.  p.  124-126"  (0.04  mm),  n^D  1.4618,  d4“  0.9200,  MR  114.3;  calc.  113.59.  Found  %:  C  72.24,  72.26; 

H  10.91,  10.91.  C23H42O4.  Calculated  <7o:  C  72.18;  H  11.06. 

4)  7.8  g  of  2,6,10,14-tetrametiiyl-4,8,12,16,16-pentaethoxy-2,6,10,14-hexadecatetraene  (XIII)  In  the  form 
of  a  yellowish  viscous  liquid. 

B.  p.  164-168"  (0.07  mm),  n^D  1.4710,  d4“  0.9298.  Found  C  73.00,  72.84;  H  11.04,  10.84.  C30H54O5. 
Calculated  <7o:  C  72.85;  H  11.00. 

Condensation  of  2,6-dimethyl-4,8,8-trietiioxy-2,6-octadlene  (XI)  with  ethoxyisoprene  (II).  By  the  above 
described  method  there  was  prepared  from  12  g  of  ether  acetal  (XI),  2.5  g  of  ethoxyisoprene  and  0.6  ml  of  10<7o 
solution  of  zinc  chloride  in  ethyl  acetate,  7.8  g  of  the  initial  etiier  acetal  (XI),  3.45  g  of  ether  acetal  (XII)  and 
1.4  g  of  ether  acetal  (XIII). 

4-Ethoxycitral  (XX).  A  mixture  of  8.1  g  of  ether  acetal  (XI),  1  g  of  1%  ortho  phosphoric  acid  and  2.5  ml 
of  ethyl  alcohol  was  stirred  in  a  stream  of  nitrogen  for  1.5  hrs  at  room  temperature.  The  reaction  mixture  became 
homogeneous  after  15  min.  The  mixture  was  diluted  with  ether,  wa^ed  with  b<’]o  solution  of  sodium  bicarbonate 
and  water,  dried  with  magnesium  sulfate  and  distilled  in  vacuum  in  nitrogen  atmosphere.  There  was  obtained 
5.3  g  of  4-ethoxycitral  (XX)  in  the  form  of  colorless  (yellowing  on  standing)  liquid  which  did  not  smell  of  lemon 
peel. 

B.  p.  58-60"  (0.06  mm),  n^D  1.4762,  d4*’  0.9247,  MR  59.89;  calc.  58.34.  (in  ethanol)  240  mp  (logc 

4.132),  326  mp  (log  6  1.956).  Found  %:  C  73.29,  73.46;  H  10.10,  9.98.  CiaH^Oj.  Calculated  C  73.41; 

H  10.27. 

Etehydrocitral  (XVIII).  a)  A  mixture  of  3.2  g  of  4-ethoxycitral  (XX),  50  ml  of  absolute  toluene  and  5  mg 
of  p-toluenesulfonlc  acid  was  heated  in  a  nitrogen  stream  on  a  Wood  metal  bath  at  bath  temperature  of  110-130*. 
A  slow  distillation  of  toluene  and  alcohol  took  place;  after  20  min  the  distillation  of  alcohol  ceased  (test  for 
alcohol  content  in  the  distillate  made  with  Chugaev-Tserevitlnov  method).  The  reaction  mixture  was  cooled 
and  wadied  with  5*70  solution  of  sodium  bicarbonate  and  water,  dried  with  magnesium  sulfate  and  distilled  in 
vacuo  in  nitrogen  atmosphere.  There  was  obtained  2.25  g  of  dehydrocitral  (XVIII)  with  b.  p.  57-60*  (0.05  mm) 
which  crystallized  on  cooling.  After  two  recrystallizations  from  petroleum  ether  there  were  Isolated  the  light 
yellow  crystals  of  (XVIII)  with  m.  p.  39-40*. 

b)  A  mixture  of  10  g  of  ether  acetal  (XI),  3.2  g  of  sodium  acetate,  2  ml  of  water  and  30  ml  of  acetic  acid 
was  heated  to  95"  in  nitrogen  stream  with  stirring  for  5  hrs.  After  the  usual  treatment  and  distillation,  there  was 
obtained  4.8  g  of  dehydrocitral  (XVIII)  with  b.  p.  64-65"  (0.06  mm),  m.  p.  39-40"  (from  petroleum  ether). 

2,6,10-Trimetfiyl-4,8-diethoxy-2,6,10-dodecatrien-12-al  (4 ,8-diethoxy farnesal)  (XXI).  A  mixture  of  6.5  g 
of  etfier  acetal  (XII),  0.75  g  of  1%  ortho  phosphoric  acid  and  1.75  ml  of  ethyl  alcohol  was  shaken  in  a  closed  flask 
at  room  temperature.  The  layers  disappeared  after  10  min;  after  further  1.5  hrs  the  mixture  was  subjected  to  the 
usual  treatment  and  vacuum  distillation  in  nitrogen  atmosphere.  There  was  obtained  5.02  g  of  4, 8-dlethoxy far¬ 
nesal  (XXI)  in  the  form  of  a  yellowish  liquid. 

B.  p.  114-115"  (0.04  mm),  n^D  1.4875,  d4“  0.9419,  MR  94.28;  calc.  91.84.  Found  C  73.99,  74.13; 

H  10.43,  10.44.  CijHaOj.  Calculated  %:  C  73.98;  H  10.46. 

Farnesal  (XXV).  A  mixture  of  2  g  of  undistllled  4,8-dlethoxyfarnesal  (XXI),  50  ml  of  absolute  toluene  and 
6  mg  of  p-toluenesulfonic  acid  was  heated  in  nitrogen  atmosphere  in  a  Wood  metal  bath  at  bath  temperature  of 
120-125*.  A  slow  distillation  of  toluene  and  alcohol  took  place  and  simultaneously  with  this  distillation  toluene 
was  gradually  added  to  the  flask  so  as  to  maintain  a  constant  volume  of  the  mixture.  After  1  hr  the  distillation 
of  alcohol  ceased  (test  for  alcohol  content  in  the  distillate  was  made  according  to  Chugaev-Tserevitlnov).  After 
the  usual  treatment  and  vacuum  distillation  in  nitrogen  atmosphere  there  was  obtained  0.85  g  of  substance  with 
b.  p.  115-120*  (0.05  mm),  which  began  to  crystallize  during  the  distillation.  After  two  recrystallizations  there 
was  Isolated  farnesal  (XXV)  in  the  form  of  yellow  leaflets  with  m.  p.  119-120*  (from  ethyl  alcohol). 

\ixiax  ethanol),  239  mp  (log  c  3.92),  279  rnp  (log  €  3.97),  386  mp  (log  6  3.99).  Found  C  83.40; 
H  9.41.  CjsHjoO.  Calculated  C  83.23;  H  9.32. 
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2,6,10,14-TetramethyI-4,8,12-trlethoxy-2,6,10,14-hexadecatetraen-16"aI  (XXIII).  A  mixture  of  3  g  of 
ether  acetal  (XIII),  0.75  g  of  1%  orthophosphorlc  acid  and  1.75  ml  of  ethyl  alcohol  was  ^aken  In  a  closed  flask 
at  room  temperature.  After  1.5  hr  the  mixture  was  subjected  to  the  usual  treatment.  There  was  obtained  1.9  g 
of  ether  aldehyde  (XXIII)  In  the  form  of  a  viscous  yellow  liquid. 

B.  p.  158-162'  (0.1  mm),  n“D  1.4954,  d^*  0.9452.  Found  <7o:  C  74.06,  74.30;  H  10.24,  10.20.  CJSH54O8. 
Calculated  C  74.27;  H  10.54. 

Condensation  of  diethyl  acetal  of  dlmethylacrylaldehyde  (VII)  with  vinyl  ethyl  ether.  To  a  mixture  of 

6.4  g  of  acetal  (VII)  and  1  ml  of  10<yo  solution  of  zinc  chloride  In  ethyl  acetate,  heated  to  55-60*,  there  was  added 
over  30  min  with  stirring  3.2  g  of  vinyl  ethyl  ether.  The  mixture  was  heated  for  4  hrs  at  60*  and  was  then  distilled 
In  vacuo.  There  was  obtained  6.6  g  of  2-methyl-4,6,6-trlethoxy-2-hexene  (XIV). 

B.  p.  63-65*  (0.01  mm),  n^D  1.4295,  0.8906,  MR  66.73;  calc.  66.70.  Found  «7o:  C  68.08,  67.90; 

H  11.15,  11.23.  C13H26O3.  Calculated  %:  C  67.85;  H  11.3. 

2-Methyl-2.4-hexadlen-6-aI  (XV).  A  mixture  of  10.4  g  of  ether  acetal  (XIV),  3.7  g  of  sodium  acetate, 

2.5  ml  of  water  and  36  ml  of  acetic  acid  was  heated  at  95*  In  nitrogen  atmosphere  with  stirring  ibr  4  hrs.  After 
the  usual  treatment  and  vacuum  distillation  there  was  obtained  4.4  g  of  2-methyl-2,4-hexadlen-6-al  (XV). 

B.  p.  90-91*  (23  mm),  n*®D  1.5541,  d4*  0.9036.  X-max  metiianol)  285  mp  (log  e  4.46).  Found  <7oc 
C  76.34,  76.18;  H  9.26,  9.22.  C7H10O.  Calculated  C  76.3;  H  9.09. 

The  2,4-dlnItrophenylhydrazone  of  the  aldehyde  (XV)  has  m.  p.  200-202*  (from  a  mixture  of  methyl  alcohol 
and  ethyl  acetate). 

Xmax  <7o;  N  19.31, 19.45.  C13HJ4O4N4.  Calculated*^:  N  19.32. 

SUMMARY 

Condensation  of  acetals  with  ethoxylsoprene  and  ethoxybutadlene  was  realized  for  the  first  time. 

The  use  of  ethoxylsoprene  permits  one  to  lengthen  a  carbon  chain  by  5  carbon  atoms  widi  Introduction  of 
2  double  bonds  and  an  £ildehyde  group  conjugated  to  them  (In  case  of  addition  of  one  molecule  of  ethoxylsoprene) 
as  well  as  by  10  carbon  atoms  with  Introduction  of  4  double  bonds  (In  case  of  addition  of  2  molecules  of  ethoxy¬ 
lsoprene),  which  represents  the  new  and  simple  method  of  synthesis  of  polyene  aldehydes  of  the  Isoprenold  type. 
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SYNTHESIS  OF  DIENIC  ACIDS  FROM  a-PYRONES 


L.  I.  Kudriashov  and  N.  K.  Kochetkov 


Recently  we  described  a  simple  and  convenient  method  of  synthesis  of  esters  of  a-pyrone-3-carboxyllc  acids 
[1]  from  0  -chlorovlnyl  ketones.  The  present  paper  describes  the  experiments  directed  toward  the  utiliza¬ 
tion  of  tfie  Indicated  a-pyrone-3-carboxyllc  acid  for  the  preparation  of  difficultly  accessible  aliphatic  acids  and 
their  derivatives. 

With  this  as  a  goal  we  first  examined  the  hydrogenation  of  derivatives  of  a-pyrone.  We  succeeded  In  show¬ 
ing  that  a-pyrone-3-carboxyllc  acids  and  their  esters  are  smootiily  hydrogenated  over  palladium  on  barium  sulfate 
and  are  transformed  Into  the  corresponding  a-carboxy  (or  a-carbethoxy)-6  -lactones  (yield:  TO-SS^). 


GOO  IV 
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J  ' — () 

H-'  .  ;=o 
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H;  (II)  RrrCIIj, 

,  U'  =  c,ll,;  (HI)  R  =  C5II, 

It  should  be  noted  that  the  hydrogenation  proceeds  rather  slowly,  which  Is  not  unexpected  since  It  Is  well 
known  that  a-pyrones  show  some  of  the  symptoms  of  aromaticity.  In  order  to  avoid  the  processes  connected  with 
hydrogenolysls  of  the  resulting  6  -lactone.  It  was  rational  to  stop  the  hydrogenation  shortly  before  the  uptake  of 
2  moles  of  hydrogen. 

Then  we  studied  the  bromlnatlon  of  the  resulting  a-carbethoxy  (or  a-carboxy)- 6  -lactones  for  solution  of 
the  problem  of  the  possible  preparation  of  unsaturated  6  -lactones  by  a  subsequent  dehydrobromlnatlon.  Since 
the  compounds  (I)-(III),  prepared  by  us,  are  cyclic  analogs  of  malonlc  acid  and  Its  derivatives,  the  bromlnatlon 
was  accompll^ed  under  mild  conditions.  The  bromlnatlon  of  the  lactone  of  a-carboxy- 6  -hydroxycaprolc  acid 
(I)  was  accompanied  by  decarboxylation,  which  complicated  the  reaction.  Bromlnatlon 
of  the  appropriate  esters,  specifically  lactones  of  a-carbethoxy-  6  -hydroxycaprolc  (II)  and  -decanolc  (III)  acids 
can  be  accomplished  by  the  action  of  bromine  In  the  presence  of  pyridine.  However,  the  Isolation  of  the  resulting 
bromides  Is  connected  with  great  difficulties  since  they  partly  lose  the  elements  of  hydrogen  bromide  during  distil¬ 
lation  and  for  tills  reason  cannot  be  Isolated  In  an  analytically  pure  state.  Owing  to  this.  It  Is  rational  to  run  the 
dehydrobromlnatlon  without  Isolating  the  bromides  in  a  pure  state. 


At  first  we  attempted  to  accomplish  the  transformation  of  the  tiius  obtained  a-bromo-a-carbethoxy- 6  - 
lactones  Into  the  conespondlng  a,  0  -unsaturated  6  -lactones,  to  which  belongs  a  series  of  physiologically  active 
substances  parasorblc  acid,  massoya  lactone).  However,  all  attempts  to  dehydrobromlnate  the  above  bromides 
were  accompanied  by  more  complex  changes  connected  with  the  opening  of  the  lactone  ring.  More  Interesting 
was  the  result  obtained  on  treatment  of  the  Indicated  bromides  with  dlethylanlllne  with  heating.  As  the  result 
of  this  reaction  there  were  Isolated  esters  of  the  corresponding  a,0  ,  y  ,6  -doubly  unsaturated  alljAatlc  acids  — 
sorbic  and  2,4-decadlenolc  acids. 
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The  mechanism  of  this  Interesting  transformation  was  not  clarified  by  us,  but  It  Is  easy  to  think  fiiat  In  It 
there  first  takes  place  a  dehydrobromlnatlon,  followed  by  ring  opening  and  decarboxylation.  Transformations  of 
a  similar  type,  which  proceed  at  high  temperatures,  are  known  in  tire  series  of  6 -lactones  [2],  and  our  compounds 
are  vlnylogs  of  such  substances.  The  presence  of  a  tertiary  amine  In  fills  case  must  aid  ring  opening.  An  attempt 
to  realize  the  loss  of  hydrogen  bromide  by  the  action  of  aqueous  and  alcoholic  solutions  of  potassium  hydroxide 
failed  to  give  the  desired  results.  A  study  of  the  reaction  products  formed  thereby  showed  that  In  this  case  fixere 
takes  place  a  replacement  of  bromine  by  hydroxy  and  methoxy  groups  Instead  of  fire  cleavage  of  hydrogen  bro¬ 
mide. 

The  path  of  preparation  of  difficultly  accessible  dlenic  acids  with  a  conjugated  bond  system,  discovered  by 
us,  has  an  undoubted  preparative  Interest  when  one  considers  the  accessibility  of  the  Initial  3-carbethoxy-  a- 
pyrones  and  the  good  yields.  Esters  of  dlenic  acids  were  hydrolyzed  by  us  to  the  corresponding  acids.  The  thus 
obtained  sorbic  and  2,4-decadienolc  acid  corresponded  to  the  trans-trans  Isomers  by  their  constants.  It  Is  Impos¬ 
sible  to  say  whether  or  not  the  esters  prepared  during  the  treatment  with  dlethylanillne  were  also  trans-trans  iso¬ 
mers,  since  their  hydrolysis  can  be  accompanied  by  isomerization  [3]. 

In  conclusion  It  should  be  noted  that  the  dienoic  acids  prepared  by  us  can  be  readily  converted  Into  the 
corresponding  a, 6 -unsaturated  6 -lactones  [4],  which  can  thus  be  prepared  from  fire  corresponding  a-pyrones 
by  a  somewhat  more  complex  route  than  proposed  by  us  at  first. 

EXPERIMENTAL 

Lactone  of  a-carboxy-6  -hydroxycaprolc  acid.  A  suspension  of  10.0  g  (0.065  mole)  of  6-mediyl- a-pyrone- 
3-carboxyllc  acid  In  50  ml  of  ether  was  hydrogenated  in  the  presence  of  0.5  g  of  palladium  on  barium  sulfate 
(palladium  content  5%)  until  the  uptake  of  2.85  liters  of  hydrogen  (0*,  760  mm).  The  catalyst  was  filtered  off, 
ether  was  evaporated  and  the  remaining  oil  crystallized  partially  after  many  days  of  drying  In  a  vacuum  desiccator. 
The  crystals  were  pressed  on  a  porous  plate  and  recrystallized  from  a  mixture  of  benzene  and  petroleum  etiier; 
yield,  7.15  g  (69.6%);  m.  p.  75-76*  (decomp.). 

Found  %;  0  53.65,53.61;  H  6.62,  6.61.  C7H10O4.  Calculated  %:  0  53.16;  H  6.37. 

The  lactone  of  a-carboxy-6  -hydroxycaprolc  acid  forms  colorless  crystals,  soluble  In  water,  alcohol,  efiier 
and  benzene. 

Lactone  of  a-carbethoxy-6  -hydroxycaprolc  acid.  6-Methyl-3-carbethoxy-a-pyrone  (23.1  g,  0.13  mole) 
was  hydrogenated  In  100  ml  of  alcohol  over  2  g  of  palladium  on  barium  sulfate  (palladium  content  5%)  until  the 
uptake  of  4.9  liters  (0.22  mole)  of  hydrogen  (0“,  760  mm),  after  which  the  catalyst  was  filtered  off,  the  alcohol 
distilled  off  and  the  residue  was  vacuum  distilled  collecting  the  fraction  with  b.  p.  134-136“  (4  mm);  yield:  18.9  g 
(78%).  After  two  distillations  the  substance  had  the  following  constants: 

B.  p.  119-120*  (1  mm),  d4“  1.1311,  n^D  1.4550,  MRj)  44.66;  calc.  44.87.  Found  %:  C  58.26,  58.25; 

H  7.68,  7.68.  C9H11O4.  Calculated  %:  C  53.05;  H  7.58. 

The  lactone  of  a-carbethoxy-  6  -hydroxycaprolc  acid  Is  a  colorless  oil,  soluble  In  the  majority  of  organic 
solvents. 

Lactone  of  g-carbethoxy-  6  -hydroxycaprlc  acid.  6-Amyl-3-carbethoxy- a-pyrone  (38.5  g;  0.16  mole) 
was  hydrogenated  over  2.2  g  of  palladium  on  barium  sulfate  (palladium  content  5%)  In  50  ml  of  alcohol  until  the 
uptake  of  6.9  liters  of  hydrogen  (0.31  mole)  (0*,  760  mm).  The  catalyst  was  then  filtered  off,  the  alcohol  was 
distilled  and  the  residue  vacuum  distilled,  collecting  fire  fraction  with  b.  p.  170-172*  (6  mm);  yield:  32.5  (84%). 
After  two  redistill atlo ns  the  substance  had  the  following  constants: 

B.  p.  170-172*  (6  mm),  d4“  1.0429,  n^D  1.4561,  MR^  63.09;  calc.  63.34.  Found  %:  C  64.09,  64.10; 

H  9.14,  9.32.  Ci3H2j04.  Calculated  %:  C  64.43;  H  9.15. 

The  lactone  of  a“carbethoxy-6  -hydroxycaprlc  acid  was  an  oily  liquid  with  a  characteristic  odor,  soluble 
In  the  usual  organic  solvents. 

Sorbic  acid.  To  a  solution  of  1.68  g  (0.09  mole)  of  the  lactone  of  a-carbethoxy-6  -hydroxycaprolc  acid 
In  30  ml  of  anhydrous  carbon  tetrachloride  there  was  added  slowly  with  cooling  and  stirring  15.8  g  (0.08  mole) 
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of  N-bromosucclnimlde,  after  which  the  mixture  was  heated  for  2  hrs  at  55“.  On  the  following  day  the  precipi¬ 
tated  succlnlmlde  was  filtered  off,  the  filtrate  was  evaporated  and  the  residue  distilled  in  vacuum,  collecting 
the  fraction  which  boiled  with  strong  decomposition  at  149-152*  (3  mm);  yield,  4.7  g.  In  all  the  following  re- 
dlstlllatlons,  a  strong  decomposition  was  observed  with  formation  of  Insignificant  amounts  of  a  lower  boiling  frac¬ 
tion.  A  mixture  of  12  g  of  the  resulting  bromide  and  23  g  of  freshly  distilled  dlctliylanlllne  was  heated  on  an  oil 
bath  for  1  hr  at  the  batli  temperature  of  130-140“;  after  cooling,  die  mixture  was  diluted  with  absolute  ether, 
tlie  dlethylanlllne  hydrobromide  was  filtered  off,  washed  with  absolute  ether,  the  ethereal  solution  washed  wltii 
10%  solution  of  hydrochloric  acid  for  the  removal  of  dlethylanlllne  (4  times  wltli  100  ml),  dried  over  magnesium 
sulfate  and  vacuum  distilled  for  the  Isolation  of  the  etiiyl  ester  of  sorbic  acid;  yield,  4.5  g  (37%);  b.  p.  74-76* 

(14  mm).  The  ether  ester  of  sorbic  acid  (3.7  g,  0.026  mole)  was  boiled  for  30  min  with  20  ml  of  20%  aqueous 
solution  of  sodium  hydroxide,  then  was  treated  with  enough  water  to  dissolve  die  sodium  sorbate  which  had  pre¬ 
cipitated  during  die  saponification,  extracted  twice  with  ether  and  the  aqueous  layer,  after  the  separation  of  ether, 
was  sucked  with  a  stream  of  air  pulled  with  a  water  pump  for  20  min  to  remove  traces  of  residual  ether,  acidi¬ 
fied,  the  precipitated  sorbic  acid  being  filtered  off,  and  dried  In  vacuo  over  phosphoric  anhydride;  yield  1.9  g 
(64.4%);  m.  p.  132-133*  (from  water). 

Found  %:  C  64.14,  64.15;  H  7.30,  7.28.  CgHgOa.  Calculated  %:  C  64.27;  H  7.19. 

Literature  data  [3]:  trans-trans-sorblc  acid,  m.  p.  134.5*. 

Ediyl  ester  of  2,4-decadlenolc  acid.  To  a  solution  of  15.5  g  (0.07  mole)  of  a-carbethoxy-  6  -hydroxy caprlc 
acid  In  30  ml  of  anhydrous  carbon  tetrachloride  there  was  added  6  ml  of  dry  pyridine,  after  which  there  was  slowly 
added,  with  cooling  and  stirring,  a  solution  of  3.8  ml  of  bromine  in  25  ml  of  carbon  tetrachloride.  After  comple¬ 
tion  of  bromine  addition,  the  pyridine  hydrobromide  was  filtered  off,  the  mother  liquor  was  evaporated  In  vacuo 
from  a  water  pump  and  to  the  residue  there  was  added  22  ml  of  dlethylanlllne:  the  mixture  was  heated  for  1  hr 
on  an  oil  bath  at  135-140*;  on  cooling,  the  reaction  mixture  was  diluted  with  absolute  ether,  the  precipitated 
dlethylanlllne  hydrobromide  was  filtered  off  and  washed  wltfi  absolute  ether,  the  ether  was  distilled  from  the  fil¬ 
trate  and  the  residue  was  vacuum  distilled,  collecting  tlie  fraction  with  b.  p.  106-115*  (5  mm).  The  crude  pro¬ 
duct  containing  some  dlethylanlllne  was  dissolved  In  50  ml  of  ether,  washed  with  10%  hydrochloric  acid  (3  times 
25  ml),  twice  with  water,  the  ethereal  layer  removed  and  dried  over  magnesium  sulfate  and  freed  of  ether  by 
distillation;  the  residual  ethyl  ester  of  2,4-decadlenolc  acid  was  vacuum  distilled,  collecting  the  fraction  with 
b,  p.  108-110*  (5  mm);  yield,  3.5  g  (28%).  After  two  distillations,  the  product  had  the  following  constants: 

B.  p.  109-110“  (5  mm),  d^*®  0.9155,  n^D  1.4720.  Found  %:  C  73.29,  73.40;  H  10.53,  10.45.  CuHjoO*. 
Calculated  %:  C  73.43;  H  10.27. 

2,4-Decadlenolc  acid.  Etliyl  ester  of  2,4-decadlenolc  acid  (2.1  g;  0.011  mole)  was  boiled  for  30  min  with 
10  ml  of  20%  aqueous  solution  of  potassium  hydroxide  and  5  ml  of  methanol.  After  cooling,  there  was  added  20.ml 
of  water,  extracted  twice  with  ether,  the  aqueous  layer  was  acidified  and  extracted  with  ether  (3  times  20  ml), 
the  ethereal  extracts  were  dried  wldi  magnesium  sulfate,  freed  of  ether  by  distillation  and  the  residue  was  vacuum 
distilled,  collecting  the  fraction  with  b.  p.  144-147*  (3  mm);  yield,  1.3  g  (73%).  After  two  distillations  the  sub¬ 
stance  had  the  following  constants: 

B.  p.  144-145*  (2  mm),  n^D  1.4938.  Found  %:  C  71.24,  71.13;  H  9.70,  9.45.  CioHjgOj.  Calculated  %: 

C  71.39;  H  9.59. 

The  benzyldilutonlum  salt  was  prepared  as  usual;  m.  p.  167*. 

Found  %;  N  8.07,  8.10.  CigHjsOjNjS.  Calculated  %;  N  8.38. 

Literature  data  [5]:  for  trans-trans-2,4-decadlenolc  acid:  n*®D  1.4918;  benzylthluronlum  salt,  m.  p.  175*. 

SUMMARY 

1.  It  was  shown  that  a-carbethoxy- 6  -lactones  are  formed  In  high  yield  during  the  hydrogenation  of  6-alkyl- 
3-carbethoxy-  a-pyrones. 

2.  A  new  mediod  of  preparation  of  aliphatic  dlenlc  adds  was  developed  by  the  way  of  bromlnatlon  of  cor¬ 
responding  a-carbeihoxy-6  -lactones  with  a  subsequent  treatment  of  the  bromides  with  dlethylanlllne. 
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DIPHENSUCCINDANE  AND  2 ,6  -  DI HY  DROX  Y  DI PHEN  SUCC  IN  DA  NE 


S.  F.  Torf  and  N,  V.  Khromov-Borisov 

Steroidal  hormones  are  derivatives  of  cyclopentanophenanthrene  (I).  Dlphensucclndane  (lndano-2',1*:  1,2- 
Indane)  (II)  has  some  elements  of  structural  similarity  to  (I).  •  Therefore,  the  synthesis  and  the  study  of  tfie  cor¬ 
responding  derivatives  has  points  of  Interest  In  the  search  for  new  ^nthetlc  medicinal  substances,  as  well  as  In 
the  study  of  the  link  between  the  chemical  structure  and  the  pharmacological  action  in  this  series  of  compounds. 


We  synthesized  several  derivatives  of  dlphensucclndane,  among  which  we  describe  In  diis  paper  the 
synthesis  of  dlphensucclndane  Itself  and  of  Its  2,6-dlhydroxy  derivative  (III). 

It  Is  known  diat  p,p’-dlhydroxy  derivatives  of  dlphenylethane  hydrocarbons,  containing  alkyl  radicals  at  the 
ethane  carbon  atoms,  possess  some  estrogenic  properties.  The  most  active  In  this  respect  are  p,p-dlhydroxymeso- 
2,3-dlphenylbutane  (IV)  [1]  and  p,p-dlhydroxy-meso-3,4-dl{foenylhexane  (synestrol)  (V)  [1].  The  high  estrogenic 
activity  of  the  latter  Is  explained  In  part  by  Its  structural  similarity  to  estradiol  (VI)  [1]—  natural  hormone,  having 
high  estrogenic  activity. 
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2,6-Dlhydroxydlphensucclndane  (III)  Is  a  closed  analog  of  p,p’-dihydtoxy-2,3-dlphenylbutane  (IV)  and  In 
Its  tetracyclic  structure  possesses  a  greater  degree  of  similarity  to  estradiol  than  does  p,p’-dIhydroxy-2,3-dlphenyl- 
butane. 

Over  20  papers  have  been  published  In  the  literature,  relative  to  the  derivatives  of  dlphensucclndane,  mainly 
substituted  In  positions  9,  10,  11  or  12.  Among  the  derivatives  substituted  In  die  benzene  rings,  there  have  been  de¬ 
scribed  2,6-dlnltrodlphensucclndanedlone  (VII)  [2]  and  2,6  -dlamlnodlphensucclndanedlone  (VUI)  [2]  (see  diagram 
at  top  of  following  page). 

The  2-  and  6-posltlons  of  nltro  groups  In  2,6-dlnitrodlphensucclndanedlone  were  assigned  on  the  basis  of 
the  following  data.  By  oxidation  of  tills  dlnltro  product  [2]  there  was  obtained  In  57<^  yield  4-nitrophthallc  acid; 

*  In  the  present  paper  we  do  not  consider  tiie  stereoisomerism  of  these  compounds. 


2488 


o 


lie  1 

I  r*'' 

II 

() 


—  H 


(VII)  R=N(), 
(VIH)  R  =  NH, 
(IX)  R=U 


the  same  acid  may  be  obtained  In  the  oxidation  of  3,7-dlnltrodlphensucclndanedlorte.  However,  the  3-  and  7- 
posltlons  of  the  nltro  groups  are  excluded  by  the  authors  [2]  on  the  basis  of  the  meta-orlentlng  effect  of  keto  groups 
In  the  nitration  of  the  dlphensucclndanedlone  (IX). 

The  first  derivative  of  dlphensucclndane  series  —  dlphensucclndanedlone  (IX)  was  prepared  by  Relmer  [3]. 

The  structure  of  tills  derivative  was  later  established  by  Roser  [4]  wltiiout  a  clarification  of  the  spatial  configura¬ 
tion. 


We  prepared  dlphensucclndanedlone  by  Relmer ’s  method  [3],  by  heating  meso-dlphenylsucclnlc  acid  [5] 
with  sulfuric  acid,  but  at  lower  temperature  [6].  Dlphensucclndanedlone  was  also  prepared  by  us  from  the  race- 
mate  of  dlphenylsucclnlc  acid  [5]  but,  as  already  noted  In  the  literature  [4],  the  yield  of  dlphensucclndanedlone 
In  this  case  was  considerably  lower. 

The  syntiiesls  of  2,6-dlhydroxydlphensucclndanedlone,  starting  with  dlphensucclndanedlone  was  conducted 
as  follows:  dlphensucclndanedlone  was  converted  by  tiie  previously  described  method  [2]  Into  2,6-dlnltrodlphen- 
succlndanedlone  and  further  Into  2,6-dlamlnodlphensucclndanedlone  [2].  The  experiments  run  by  us  with  the  re¬ 
duction  of  2,6-dlamlnodlphensucclndanedlone  by  the  Clemmensen  method  for  the  preparation  of  2,6-dlamlnodl- 
phensucclndane  (X)  failed  to  give  positive  results.  Therefore  (VIII)  was  at  first  acetylated,  tiien  reduced  by  Clem¬ 
mensen  method  to  2,6-dlacetamldodlphensucclndane  (XI),  from  which  the  2,6-dlamlnodlphensucclndane  was  ob¬ 
tained  after  hydrolysis.  2,6-Dlhydroxydlphensucclndane  was  prepared  from  the  latter  compound  by  dlazotlzatlon 
reaction  and  fiirtiier  decomposition  of  the  dlazo  compound. 

It  should  be  noted  that  during  boiling  of  the  dlamlno  product  (VIII)  with  excess  acetic  anhydride  until  the 
precipitate  dissolved,  there  was  formed  a  tetraacetyl  derivative.  This  was  Isolated  and  analyzed  by  us,  but  Its 
structure  was  not  studied  In  more  detail.  This  compound  may  have  the  structure  of  2,6- bls-(dlacetylamlno)  dl¬ 
phensucclndanedlone  (XII)  or  2,6-dlacetylamlno-9, 12-dlacetoxydlphensucclndanedlone  (XIII).  Two  acetyl 
are  cleaved  on  boiling  this  compound  with  aqueous  acetic  acid. 
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For  a  further  study  of  the  properties  of  dlphensucclndane  (II)  we  developed  a  convenient  method  of  Its  pre¬ 
paration  from  dlphensucclndanedlone  (IX).  In  the  literature  there  Is  described  a  synthesis  of  dlphensucclndane 
by  the  way  of  reaction  of  dlphensucclndanedlone  with  phosphorus  and  hydrolodlc  acid  [4],  as  well  as  by  catalytic 
reduction  of  dlphensucclndene  (XIV)  [7],  prepared  In  two  steps  from  dlphensucclndanedlone  [7].  We  prepared  dl¬ 
phensucclndane  by  reduction  of  dlphensucclndanedlone  by  Clemmensen  method.  In  sulfuric  acid  medium  with 
simultaneous  distillation  of  the  reaction  products  with  steam. 
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Tests  of  estrogenic  properties  of  2,6-dIhydroxydlphensucclndane,  made  by  A.  I.  Podlesnala,  showed  that 
this  compound  has  Insignificant  estrogenic  activity  (1000  y  per  mouse  In  54%  of  cases).  Thus,  In  the  strength  of 
Its  estrogenic  action  2,6-dihydroxydlphensucclndane  Is  considerably  closer  to  the  racemate  of  p,p*-dlhydroxy-2,3- 
dlphenylbutane  (1000  y  per  rat  In  100%  of  cases)  than  to  Its  stereoisomer  p,p’-dlhydroxy-meso-2,3-dlphenylbu- 
tane  (0.5  y  [1],  10  y  (1]  per  rat  In  100%  of  cases). 

It  Is  Interesting  to  note  that  2,8-dlhydroxy-5,6,ll,12,13,14-hexahydrochrysene  (XV)  described  In  the  litera¬ 
ture  [8],  which  In  Its  structure  Is  a  closed  analog  of  p,p'-dlhydroxy-3,4-dlphenylhexane  Is  In  the  strength  of  Its 
estrogenic  action  (1000  y  per  rat  In  100%  of  cases  [1,  8])  also  closer  to  the  racemate  of  p,p’-dlhydroxy-3,4-dl- 
phenylhexane  (XVI)  (500  y  [1],  1000  y  [1]  per  rat  In  100%  of  cases)  than  to  p,p'-dlhydroxy-meso-3,4-dlphenyl- 
hexane  (synestrol)  (V)  (0.2  y  per  rat  In  100%  of  cases  [1]). 
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EXPERIMENTAL 

Dlphensucclndanedlone.  To  320  ml  of  concentrated  sulfuric  acid  there  was  added  75  g  of  meso-dlphenyl- 
succlnlc  add,  after  which  &e  mixture  was  stirred  and  heated  for  20'-30  min  at  110*.  The  resulting  brown  solu¬ 
tion  was  stirred  at  110*  for  10  min  longer,  tiien  poured  In  a  stream  Into  a  2-llter  beaker  half-filled  with  Ice.  After 
several  hours,  tiie  precipitate  was  filtered  off  and  wa^ed  with  water.  The  weight  of  the  predpltate,  dried  at 
50*,  was  29  g.  After  recrystalllzatlon  from  1400  ml  of  alcohol  there  was  obtained  22  g  of  dlphensucclndanedlone 
with  m.  p.  204-206*,  the  product  being  colorless.  From  the  mother  liquor,  after  the  distillation  of  the  main  bulk 
of  alcohol,  there  was  Isolated  an  additional  3  g  of  ftie  substance  with  yellow  color  and  m.  p.  203-205*.  Yield 
38.5%. 

In  some  experiments  the  product  precipitated  In  the  form  of  very  fine  and  difficulty  filterable  solid.  For 
facilitation  of  filtration,  the  precipitate  along  with  the  liquid,  was  heated  for  40  min  on  a  boiling  water  bath, 
as  the  result  of  which  the  precipitate  was  coarsened  and  was  filtered  without  difficulty.  The  yield  In  these  cases 
reached  50%. 

It  should  be  noted  that  dlphensucclndanedlone  (m.  p.  204-206*),  recrystalllzed  from  alcohol,  contains  In¬ 
significant  amounts  of  a  higher  melting  Impurity  which  has  acid  properties.  The  Impurity  is  detected  by  observa¬ 
tion  of  file  melting  of  the  substance  under  a  microscope  on  a  hot  stage  [9].  For  the  removal  of  this  Impurity  from 
the  main  substance,  50  g  of  dlphensucclndanedlone  was  dissolved  in  300  ml  of  dioxane  at  95-100*  and  the  hot 
solution  was  poured  In  a  thin  stream  into  450  ml  of  1.5%  aqueous  solution  of  potassium  carbonate  with  energetic 
stirring.  A  precipitate  of  dlffoensucclndanedlone  forms  thereby  while  the  liquid  shows  an  alkaline  reaction  to 
plienolphthaleln.  After  stirring  for  40  min,  the  mixture  was  set  aside  for  several  hours  after  which  the  precipitate 
was  filtered  off,  washed  wlfii  water  and  dried  at  100*.  The  thus  purified  dlf^ensucclndanedlone  (48.6  g)  melted 
In  a  capillary  at  203-205*  (uncorrected),  while  on  a  hot  stage  it  melted  at  208-209*,  and  it  melted  homogeneously. 
For  preparation  of  dlphensucclndanedlone  from  the  racemate  of  dlphenylsucclnlc  acid,  purified  through  the  barium 
salt  and  recrystalllzed  from  water,  the  yield  reaches  but  8.7%.  The  mixed  melting  point  with  dlphensucclndane- 
dione  prepared  from  meso-dlffoenylsucclnlc  acid  gave  no  depression. 

2,6-Plnltrodlphensucclndanedlone.  20  g  of  dlphensucclndanedlone  was  added  over  40  min  to  a  solution  of 
40  g  of  potassium  nitrate  In  216  ml  of  concentrated  sulfuric  acid  at  3-8*.  After  fills  the  stirring  was  continued 
for  3  hrs  without  cooling,  whereupon  the  temperature  of  file  solution  rose  to  18*.  The  solution  was  poured  on  Ice, 
file  resulting  precipitate  was  filtered  off,  washed  with  water  and  dried  at  50*.  Wel^t,  27.6  g.  The  precipitate 
was  boiled  for  one  hour  wlfii  dilute  acetic  acid  (75  ml  of  acetic  acid  and  75  ml  of  water),  and  file  undlssolved 
portion  was  filtered  off  while  hot,  boiled  with  200  ml  of  acetic  acid  for  one  hour,  the  mixture  was  then  treated 
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with  30  ml  of  water,  the  mixture  boiled  for  30  min  longer,  the  undissolved  precipitate  Altered  off  while  hot, 
washed  with  hot  dilute  acetic  acid  and  dried  at  100“.  The  weight  of  2,6-dlnltrodlphensucclndanedlone  was  10.9  g 
(35.7%),  m.  p,  239-241“,  yellowing  at  236".  The  precipitate  was  recrystalllzed  from  300  ml  of  ethylene  chloride. 
After  cooling  of  tlie  ftltrate  In  a  freezing  mixture  there  was  obtained  9.6  g  of  product  which  was  colorless  and 
had  a  fleslt  shade;  m.  p.  239-241*.  Additional  1  g  of  product  with  m.  p.  239-241“  was  Isolated  after  distillation 
of  the  bulk  of  the  solvent. 

Found  %:  N  8.43,  8.34.  CigHg05N2.  Calculated  %:  N  8.64. 

2.6-  Dlam Inodlphensucclndanedlone.  A  mixture  of  10  g  of  2,6-dlnltrodlphensucclndanedlone,  22.5  g  of 
granulated  tin  and  132  ml  of  concentrated  hydrochloric  acid  was  heated  for  6  hrs  on  a  boiling  water  bath.  Then 
the  mixture  was  refluxed  for  20-40  min  until  the  small  residual  precipitate  had  dissolved.  The  mixture  of  liquid 
and  precipitate,  obtained  after  cooling,  was  saturated  with  hydrogen  chloride,  with  water  cooling.  On  the  follow¬ 
ing  day,  the  precipitate  was  Altered  off  on  a  porous  glass  Alter,  washed  wltii  concentrated  hydrochloric  acid,  dis¬ 
solved  In  dilute  hydrochloric  acid  (300  ml  of  water  and  12  ml  of  concentrated  hydrochloric  acid),  the  tin  was 
precipitated  from  It  with  hydrogen  sulfide  and  the  Altrate  was  evaporated  to  dryness. 

The  residue  was  dissolved  In  dilute  hydrochloric  acid  (150  ml  of  water  and  4  ml  of  concentrated  hydrochloric 
acid)  and  the  Altered  solution  was  poured  Into  excess  dilute  ammonium  hydroxide.  A  very  Ane,  dlfAcultly  filter¬ 
able  precipitate  formed.  After  standing  for  4  hrs,  the  precipitate  was  Altered  off,  washed  with  water  and  dried 
at  100“.  The  weight  of  2,6-dlamlnodlphensucclndanedlone  was  6.2  g  (76%);  light  yellow  (lemon)  colored  solid, 
which  did  not  melt  at  325“. 

Found  %:  N  10.50,  10.60.  CigHuOjNj.  Calculated  %:  N  10.60. 

Tetraacetyl  derivative  (XII)  or  (XIII).  A  mixture  of  1  g  of  2,6-dlamlnodlphensucclndanedlone  and  65  ml 
of  acetic  anhydride  was  reAuxed  for  4-5  hrs  until  the  precipitate  had  dissolved.  The  precipitate  did  not  reform 
on  cooling  die  solution.  From  the  yellow  solution,  die  acetic  anhydride  was  distilled  In  vacuo  from  a  boiling 
water  bath.  The  dry  residue  was  dissolved  at  room  temperature  In  20  ml  of  chloroform,  the  chloroform  solution 
was  Altered  from  a  precipitate  (0.15  g),  which  did  not  melt  at  300“,  and  the  ftltrate  was  gradually  diluted  with 
80  ml  of  petroleum  ether.  The  resulting  precipitate  was  Altered  off.  The  weight  of  the  alr-drled  residue  was 
1.5  g.  This  precipitate  was  reAuxed  with  30  ml  of  dry  benzene,  die  solution  was  Altered  from  a  sll^t  precipitate 
(0.07  g)  while  warm  and  the  slightly  warm  solution  was  diluted  with  an  equal  volume  of  petroleum  ether.  The 
resulting  precipitate  was  Altered  off.  The  weight  of  air-dry  tetraacetyl  derivative  was  1.15  g  (70.1%);  It  changes 
at  210“,  m.  p.  218-220“.  It  has  a  flesh  color. 

Found  %:  €  66.42,66.24;  H  4.88,  4.77;  N  6.38,  6.79.  CjiHjoGgNj.  Calculated  %:  C  66.67;  H4.66; 

N  6.48. 

2.6- Dlacetylamlnodlphensucclndane  (XI).  A  mixture  of  5.2  g  of  2,6-dlamlnodiphensucclndanedlone  and 
300  ml  of  acetic  anhydride  was  refluxed  for  5  hrs  until  the  precipitate  had  dissolved.  On  the  following  day  25  g 
of  zinc  dust  was  stirred  for  15  min  with  a  solution  of  7  ml  of  acetic  acid  and  120  ml  of  water,  the  solution  was 
decanted,  the  remaining  zinc  was  stirred  for  15  min  with  25  ml  of  5%  solution  of  mercuric  chloride,  after  which 
die  metal  was  filtered  off,  washed  several  times  with  water  and  the  wet  precipitate  of  amalgamated  zinc  was 
added  to  the  above-described  solution  of  the  tetraacetyl  derivative  In  acetic  anhydride.  The  solution  was  heated 
to  boiling  and  to  the  boiling  solution  there  was  added  150  ml  of  water  over  2  hrs.  The  addition  of  water  through 
the  reflux  condenser  was  done  at  first  In  very  small  portions  —  1-3  ml  each,  since  after  each  such  addition  the 
mixture  boiled  up  energetically.  After  completion  of  addition  of  water,  the  mixture  was  refluxed  for  4  hrs  longer. 
On  the  following  day  the  precipitate  which  had  formed  overnight  was  dissolved  by  heating.  The  solution  was 
refluxed  for  5  hrs  longer,  while  150  ml  of  water  was  being  added  during  the  flrst  2  hrs.  The  hot  mixture  was  Al¬ 
tered  from  the  zinc  residue  (3.3  g).  The  resulting  precipitate  after  cooling  of  the  mixture  was  separated  and 
washed  with  dilute  acetic  acid,  then  was  stirred  with  water.  Altered  and  dried.  Its  weight  was  3.2  g.  The  pre¬ 
cipitate  was  recrystalllzed  from  50  ml  of  acetic  acid.  There  was  obtained  3.1  g  (49.2%)  of  2,6-dlacetylamlno- 
dlphensucclndane,  dried  at  110“;  It  was  white  with  a  grey  shade.  M.  p.  238-241". 

Found  %:  N  8.42,  8.55.  C20H20O2N2.  Calculated  %:  N  8.74. 

2.6-  Dlam inodlphensucclndane  (X).  A  mixture  of  3  g  of  2,6-dtacetylamlnodlphensucclndane,  300  ml  of 
water  and  20  ml  of  concentrated  hydrochloric  acid  was  refluxed  with  stlrrii^  In  a  flask  of  1500  ml  capacity  (the 
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mixture  foams)  for  about  15  hrs  until  the  precipitate  had  dissolved;  the  heating  was  done  with  Interruptions  while 
stirring  was  employed  only  during  the  first  half  of  heating  since  the  bumping  of  the  precipitate  ceased  gradually. 
Then  the  solution  was  refluxed  with  1  g  of  activated  carbon  and  the  hot  filtrate  was  poured  Into  dilute  solution  of 
alkali.  The  precipitate  was  filtered  off  after  cooling.  The  weight  of  the  precipitate,  dried  at  60*,  was  1.55  g. 
The  precipitate  was  dissolved  with  hearing  In  30  ml  of  alcohol  (a  small  amount  of  Impurity  failed  to  dissolve), 
after  which  80  ml  of  water  was  added  and  the  mlxttue  was  boiled  with  activated  carbon,  filtered  while  hot,  and 
die  filtrate  cooled  with  Ice.  The  resulting  precipitate  was  filtered  off  and  dried  at  100*.  The  temperature  during 
drying  was  raised  gradually  to  avoid  fusing  of  the  precipitate.  There  was  obtained  1.1  g  (50%)  of  the  precipitate 
of  2,6-dlamlnodlphensucclndane,  which  was  colorless;  m.  p.  134-136*. 

Found  %:  €81.16,81.21;  H  6.80,  7.27;  N  11.82,  11.70.  CieHigN,.  Calculated  %;  €81.32;  H  6.83; 

N  11.86. 

2,6-Dlhydroxydl{diensucclndane  (III).  A  mixture  of  0.45  g  of  2,6-dlamlnodlphensucclndane,  280  ml  of 
water  and  1  ml  of  concentrated  sulfuric  acid  was  stirred  at  50*  until  the  precipitate  dissolved.  The  solution  was 
cooled  to  room  temperature;  a  precipitate  formed  thereupon.  This  mixture  was  dlazotlzed  with  a  solution  of 
0.27  g  of  sodium  nitrite  In  15  ml  of  water  until  a  positive  test  with  starch-iodide  paper  remained  for  40  min.  The 
resulting  solution  was  warmed  for  1.5  hrs  on  a  boiling  water  bath.  The  solution  at  first  turned  cloudy,  then  gave 
a  precipitate.  On  the  following  day  there  was  added  to  the  reaction  mixture  2.5  g  of  potassium  hydroxide,  the 
mixture  was  stirred  at  room  temperature  until  the  precipitate  dissolved  and  die  filtered  solution  was  poured  Into 
a  solution  of  dilute  hydrochloric  acid.  The  resulting  flesh  colored  precipitate  was  filtered  off  and  dried  at  60*; 
weight,  0.42  g;  m.  p.  221-222*.  The  precipitate  was  dissolved  with  heating  In  100  ml  of  benzene  and  the  solu¬ 
tion  was  boiled  with  carbon,  after  which  the  warm  filtrate  was  diluted  with  160  ml  of  petroleum  ether.  On  the 
following  day,  the  resulting  precipitate  was  filtered  off.  The  weight  of  the  dry  precipitate  of  2,6-dIhydroxydl- 
l^ensucclndane  was  0.25  g  (59.5%);  It  was  colorless  and  had  m.  p.  222-224*. 

Found  %:  €  81.02,  80.80;  H  5.84,  6.24.  C16HJ4O,.  Calculated  %:  C  80.65;  H  5.92. 

Dlphensucclndane  (II).  80  g  of  zinc  dust  was  stirred  for  10  min  with  20  ml  of  water  and  40  ml  of  concen¬ 

trated  hydrochloric  acid;  the  mixture  was  transferred  Into  a  long-necked  2-llter  flask,  the  zinc  dust  was  washed 
with  water  by  decantation,  then  was  shaken  for  10  min  with  80  ml  of  5%  solution  of  mercuric  chloride  and  4  ml 
of  concentrated  hydrochloric  acid;  the  solution  of  mercuric  chloride  was  then  decanted  and  file  amalgamated 
zinc  was  washed  with  water  by  decantation.  Then  20  g  of  dlphensucclndanedione  was  added  to  the  flask,  along 
with  a  solution  of  700  ml  of  water  and  80  ml  of  concentrated  sulfuric  acid  and  the  flask  contents  were  steam 
distilled  over  16-18  hrs  (with  Interruptions).  The  liquid  volume  in  the  reaction  flask  was  maintained  at  800-900 
ml.  The  reaction  product  mainly  settled  on  file  condenser  walls  and  was  pushed  out,  as  It  accumulated,  from  the 
condenser  by  means  of  a  piece  of  cotton  and  a  rod.  The  steam  distilled  product  contained  an  admixture  of  mer¬ 
cury  droplets  and  some  zinc;  the  last  portions  of  the  distilled  product  had  a  reddish  brown  color.  After  recrystal- 
llzatlon  from  110  ml  of  alcohol  there  was  obtained  9.5  g  (54%)  of  dlphensucclndane  which  was  colorless  and  had 
m.  p.  100-102*.  From  the  alcoholic  mother  liquor  part  of  the  alcohol  was  distilled  until  about  60  ml  remained. 
On  cooling,  fiiere  formed  an  additional  2  g  of  precipitate  with  m.  p.  99-100*. 

Found  %:  €  93.30,  93.56;  H  6.90,  6.87.  €isHj4.  €alculated  %:  €  93.16;  H  6.84. 

SUMMARY 

1.  Dlphensucclndane  (by  a  new  method)  and  2,6-dlhydroxydlphensucclndane  were  synthesized. 

2.  The  estrogenic  properties  of  2,6-dlhydroxydlphensucclndane  and  its  open  analog  —  p,p*-dlhydroxy-2,3- 
dlphenylbutane  (meso  form  and  racemate)  were  compared. 
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STUDIES  IN  THE  SERIES  OF  ISOQUINOLINE  COMPOUNDS 


XIV.  ESTERS  OF  ISOMERIC  4’,5’-DIMETHOXY-6-ETHYL-3,4,5,6,7,8-HEXAHYDROBENZO- 
(1.2;  l*,2’)-QUINOLIZYL-7-ACETIC  ACIDS 

R.  P.  Evstigneeva 


In  the  present  paper  there  Is  described  the  preparation  of  esters  of  Isomeric  4’,5’-dlmethoxy-6“ethyl-3,4, 
5,6,7,8-hexahydrobenzo-(l,2:l*,2')-qulnollzyl“7-acetlc  acids  which  are  Important  Intermediates  In  the  synthesis 
of  Isomeric  emetines. 

The  synthesis  was  accomplished  according  to  one  [1]  of  the  schemes  previously  suggested  by  us  [2]. 
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Fig.  1.  ultraviolet  absorption  spectra 
In  ethyl  alcohol.  1)  Ethyl  ester  of 
N- [d -( 3  •  ,4  •- dim  ethox  y  ph  enyl )- ethyl  ]- 
6  -ethyl-  a-plperldone-  y  -acetic  acid; 

2)  ethyl  ester  of  6  -ethyl-  a  -plperldone- 
y -acetic  acid;  3)  dlhomoveratrylamlne. 
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Fig.  2.  Ultraviolet  absorption  spectra 
of  hydrochlorides  of  ethyl  esters  of  Iso¬ 
meric  4’,5’-dlmethoxy-6-ethyl-3,4,5, 
6,7,8-hexahydrobenzo-(l,2:  l’,2’)- 
qulnollzyl-7-acetlc  acids  In  ethyl  alco¬ 
hol.  Numbers  of  curves  correspond  to 
numbers  of  the  Isomers. 


In  the  course  of  the  synthesis  there  was  prepared  a  series  of  esters 
of  S -substituted  glutaric  acids  (II-IV,  R  =  CHg). 

The  condensation  of  0  -(a'-cyano)-propylglutaric  acid  (IV)  with 
homoveratrylamlne  was  studied  in  detail.  Along  with  the  main  reac¬ 
tion  product  —  the  ester  of  N-  [0  -{3’,4  ’-dlmethoxyphenyl)-ethyl]-  6  - 
ethyl-a-plperidone-y -acetic  acid  (V)  titere  were  Isolated  the  follow¬ 
ing  by-products:  1)  ester  of  6  -ethyl-  a-piperidone-  y -acetic  acid 
(VI)  and  2)  dlhomoveratrylamlne.  The  compounds  prepared  In  this 
step  have  different  ultraviolet  absorption  characteristics  (Fig.  1). 

The  ester  of  N-[0-(3’,4’-dlmethoxyphenyl)-ethyl  ]-5 -ethyN 
a-plperldone- y -acetic  acid  (V)  may  exist  In  principle  In  two  Isomeric 
forms;  however,  all  our  attempts  to  Isolate  a  second  Isomer  failed. 
Evidently,  the  substituent  on  the  nitrogen  aids  the  predominant  forma¬ 
tion  of  but  one  stereoisomer.  According  to  the  Information  gained 
from  conformational  analysis,  the  most  advantageous  structure  for  the 
substituted  plperldone  Is  the  trans-form  with  equatorial  substituents. 

The  by-product,  the  ester  of  6  -ethyl-  a-piperldone-  y -acetic  acid 
which  does  not  have  any  substituents  at  the  nitrogen.  Is  obtained  under 
these  conditions  In  two  stereoisomeric  forms:  1)  crystalline  cis-lsomer, 
m.  p.  84-85"  and  2)  liquid  trans-isomer,  b.  p.  175-176’  (1.5  mm). 

The  ester  of  N-  [0 -(3’,4’-dimethoxyphenyl)-ethyl]-6  -ethyl- 
a-plperldone-y -acetic  acid  Is  transformed  by  die  action  of  phosphorus 
oxychloride  Into  the  derivative  of  qulnolizine.  The  resulting  salt  of 
the  quaternary  base  (VII)  yields  on  reduction  the  ester  of  4',5’-dlme- 
thoxy-6-ethyl-3,4,5,6,7,8-hexahydrobenzo-(l,2 ;  l’,2’)-quinolizyl- 
7-acetlc  acid  (VIII).  Hydrogenation  of  the  chloride  of  the  quaternary 
base  proceeds  stereospecifically,  depending  on  the  catalyst  used  and 
on  the  pH  of  the  medium.  As  a  result  of  this  reaction  there  were  Iso¬ 
lated  three  compounds:  1)  the  isomer  obtained  during  hydrogenation 
In  the  presence  of  platinum  oxide  in  acid  medium,  2)  the  isomer  ob¬ 
tained  during  hydrogenation  in  the  presence  of  platinum  oxide  in  neu¬ 
tral  medium ,  and  3)  the  isomer  obtained  in  hydrogenation  in  the  pre¬ 
sence  of  Raney  nickel  in  neutral  medium. 

In  the  case  of  hydrogenation  with  nickel  with  heating,  isomeriza¬ 
tion  evidently  occurs.  The  resulting  isomers  are  very  close  to  each 
other 'ih  their  properties  but  do  display  a  depression  In  mixed  melting 
points  of  tlielr  hydrochlorides.  The  isomers  have  almost  coincident 
ultrav-iolet  absorption  spectra  (Fig.  2). 


EXPERIMENTAL 


I.  Ethyl  ester  of  N-[0  -(3*,4*-dlmethoxyphenyI)-ethyl]-5  -ethyl-  a-piperidone-  y -acetic  acid  (V,  R  =  CgHg). 
Ethyl  ester  of  0 -(a*-cyano)-propylglutarlc  acid  (10.42  g)  and  48  g  of  homoveratrylamine  in  50  ml  of  anhydrous 
ethyl  alcohol  were  hydrogenated  In  the  presence  of  4  g  of  Raney  nickel  at  110  atmos  and  110-115"  for  1  hr.  The 
catalyst  was  filtered  off  and  the  alcohol  was  distilled  in  vacuum.  The  residue  was  dissolved  in  benzene  and  washed 
with  3%  hydrochloric  acid,  then  with  a  sodium  bicarbonate  solution.  After  distillation  of  the  solvent,  the  residue 
was  distilled. 

1st  fraction.  Ethyl  ester  of  6  -ethyl- a-plperidone-y -acetic  acid  (VI,  R  =  C2H5).  Yield:  0.75  g  (8.66%). 

B.  p.  169-170"  (1  mm). 

Found  %:  C  61.80;  H  9.06;  N  6.73.  CuHigOjN.  Calculated  %:  C  61.95;  H  8.98;  N  6.57. 
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2nd  fraction.  Ethyl  ester  of  N-[6-(3’,4’-dimethoxyphenyl)-ethyl]-6  -ethyl-a-piperidone-  y-acetlc  acid 
(V,  R  =  CjHs).  Yield:  5.25  g  (  34.2%).  B.  p.  200.5-202.5*  (0.15  mm). 

Found  %:  C  66.79;  H  8.26;  N  3.77.  CjiHjiOgN.  Calculated  %:  C  66.82;  H  8.28;  N  3.71. 

Isolation  of  amines.  The  hydrochloric  acid  solution,  obtained  after  the  washing  of  the  benzene  extract  of 
plperldones,  was  neutralized  with  alkali  and  extracted  with  benzene.  After  distillation  of  the  solvent,  the  residue 
was  distilled.  There  was  obtained  33.6  g  of  homoveratrylamlne  taken  for  the  reaction.  The  yield  of  dlhomovera- 
trylamine  was  2.74  g  (6%).  B.  p.  198-205*  (0.2  mm),  m.  p.  53.5-54*. 

Methyl  ester  of  N-[0 -(3’,4'-dimethoxyphenyl)-ethyl]-6  -ethyl- a-plperldone-  y -acetic  acid  (V,  R  =  CHj) 
was  prepared  analogously  to  the  corresponding  ethyl  ester.  Yield:  43.7%.  B.  p.  210-211*  (0.35  mm). 

Found  %:  C  65.80;  H  7.91;  N  4,11.  CjoHjgOsN.  Calculated  %:  C  66.10;  H  8.04;  N  3.85. 

As  a  by-product  there  was  also  obtained  the  unalkylated  plperidone  (VI,  R  =  CHg)  In  the  yield  of  5.71%. 

B.  p.  112-115*  (0.35  mm). 

Found  %:  N  7.30.  C10H17O3N.  Calculated  %:  N  7.02. 

II.  Methyl  ester  of  0  -(cyanocarbethoxy)-methylglutarlc  acid  (II,  R  =  CHg)  was  obtained  by  the  previously 
described  method  for  the  corresponding  ethyl  ester  [1].  Yield;  82%. 

B.  p.  157-159*  (2  mm),  d4*®  1.1825,  n*“D  1.4588,  MRj,  62.68;  calc.  62.39.  Found  %:  C  52.99;  H  6.50; 
N5.22.  CuHnOgN.  Calculated  %:  C  53.13;  H  6.31;  N  5.16. 

III.  Methyl  ester  of  0 -(a*-cyano-a*-carbethoxy)-propylglutartc  acid  (III,  R  =  CHg)  was  prepared  by  the 
previously  described  method  [1].  Yield;  86.5%. 

B.  p.  156-158*  (1  mm),  d4“  1.1817,  n*“D  1.4780,  MRp  71.69;  calc.  71.63.  Found  %;  C  55.06;  H  6.99; 
N4.50.  CwHaOeN.  Calculated  %:  C  56.18;  H  7.07;  N  4.69. 

IV.  Methyl  ester  of  0 -(ot'-cyano)-propylglutarlc  acid  (IV,  R  =  CHg)  was  prepared  by  the  method,  previously 
described  for  tfie  ethyl  ester  [1].  The  yield  was  38%. 

B.  p.  126.5-127*  (1  mm),  d4“  1.0912,  n^D  1.4506,  MR^  56.00;  calc.  56.12.  Found  %;  C  58.12;  H  7.56; 

N  6.29.  CuHp04N.  Calculated  %:  C  58.13;  H  7.56;  N  6.16. 

V.  Chloride  of  quaternary  base  of  ethyl  ester  of  4*,5*-dlmethoxy-6-ethyl-3,4, 5,6,7, 8-hexahydro-9,10-de- 
hydrobenzo-(l,2;  l',2*)-qulnollzyl-7-acetlc  acid  (VII,  R  =  CgHg).  1  g  of  ethyl  ester  of  N-[0  -(3’,4*-dlmethoxy- 
phenyl)-ethyl]-6  -ethyl-  a-plperidone-  y  -acetic  acid,  6  ml  of  anhydrous  toluene,  and  5.5  ml  of  phosphorus  oxy¬ 
chloride  were  heated  at  gentle  reflux  for  1  hr.  The  toluene  and  excess  phosphorus  oxychloride  were  distilled  off 

In  vacuo.  The  residue  was  washed  with  50  ml  of  absolute  ether  and  was  then  dissolved  In  10  ml  of  6%  hydrochloric 
acid.  The  solution  was  evaporated  In  vacuo  at  25-30*.  Complete  removal  of  moisture  was  achieved  by  addition 
of  anhydrous  etiiyl  alcohol  (5  ml,  3  times)  to  the  residue  and  a  subsequent  distillation  of  It  in  vacuo.  The  residual 
red-yellow  oil  was  the  chloride  of  the  quaternary  base  of  the  ethyl  ester  of  4*,5’-dlmethoxy-6-ethyl-3,4,5,6,7,8- 
hexahydro-9,10-dehydrobenzo-(l,2:l*,2')-quinollzyl-7-acetic  acid  mixed  with  phosphoric  acid. 

VI.  Ethyl  esters  of  4',5*-dlmethoxy-6-ethyl-3,4,5,6,7,8-hexahydrobenzo-(l,2  ;  l*,2*)-qulnollzyl-7-acetlc 
acids  (VIII,  R  =  C2H5).  1.  Hydrogenation  In  the  presence  of  platinum  oxide  in  acid  medium.  The  crude  chloride, 
prepared  from  1  g  of  the  plperidone,  was  dissolved  In  7  ml  of  anliydrous  ethyl  alcohol  and  hydrogenated  In  the 
presence  of  0.2  g  of  platinum  oxide  under  80  atmos  for  4  hrs.  The  catalyst  was  filtered  off  and  the  alcohol  was 
distilled  off  In  vacuo.  10  ml  of  water  was  added  to  the  residue.  The  solution  was  shaken  with  20  ml  of  ether, 
then  neutralized,  with  cooling,  by  means  of  aqueous  ammonia.  The  separated  oil  was  extracted  with  50  ml  of 
edier.  The  extract  was  washed  with  10  ml  of  5%  aqueous  alkali  and  dried  with  sodium  sulfate.  The  base  was  a 
light  yellow  oil,  readily  soluble  In  the  usual  organic  solvents  and  Insoluble  In  water.  The  yield;  0.72  g  (74.9%, 
calculated  on  the  plperidone).  The  base  distilled  at  0.1  mm  and  the  temperature  of  the  air  bath  of  290-300*. 

Found  %:  C  69.58;  H  8.50;  N  4.01.  C2iH3,04N.  Calculated  %;  C  69.78;  H  8.65;  N  3.87. 

The  hydrochloride  was  obtained  In  amorphous  form  by  treatment  of  the  ethereal  solution  of  the  base  with 
ether  containing  hydrogen  chloride.  From  the  undlstllled  base,  the  hydrochloride  separates  In  the  form  of  a  color¬ 
less  amorphous  substance,  readily  soluble  In  water  and  alcohol  and  Insoluble  In  ether.  It  was  very  hygroscopic. 
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Found  'yo:  C  63,68;  H  8.31;  N  3.61.  C21H32O4NCI.  Calculated  C  63.38;  H  8.11;  N  3.52. 

The  hydrochloride  prepared  from  distilled  base  was  also  amorphous  and  hygroscopic.  M.  p.  157-157.5“. 

For  tire  preparation  of  a  crystalline  hydrochloride,  0.5  g  of  tire  crude  base  ester  was  dissolved  lii  5  ml  of 
37"  hydrochloric  add  and  evaporated  in  vacuo.  The  residue  was  taken  up  In  the  least  volume  of  alcohol  and 
treated  with  a  few  drops  of  ether  until  a  slight  cloudiness  appeared.  After  a  prolonged  standing,  the  crystalline 
hydrochloride  precipitated.  Yield;  0.4  g.  M.  p.  196*.  The  hydrochloride  crystallized  with  1.5  molecule  of  water, 
owing  to  which  the  specimen  was  dried,  prior  to  analysis,  In  vacuo  at  110“  for  1.5  hr. 

Found  7o;  C  63.40;  H  8.19;  N  3.78.  C2iH3204NCl.  Calculated  7o:  C  63.38;  H  8.11;  N  3.52. 

The  crystalline  hydrochloride  from  the  distilled  base  had  m.  p.  158-168“. 

2.  Hydrogenation  In  the  presence  of  platinum  oxide  in  neutral  medium.  The  crude  chloride,  prepared  from 

1  g  of  the  piperidone,  was  dissolved  in  5  ml  of  anhydrous  alcohol  and  neutralized  with  alcoholic  solution  of  am¬ 
monia  until  the  acid  reaction  to  Congo  red  disappeared.  The  precipitate  was  separated  and  the  filtrate  was  eva¬ 
porated  in  vacuo.  The  residue  was  dissolved  in  10  ml  of  anhydrous  alcohol  and  subjected  to  hydrogenation  at 
110  atrnos.  After  the  usual  treatment  tliere  was  obtained  0.75  g  (78.57o,  based  on  piperidone)  of  tire  product.  The 
hydrochloride  was  amorphous  and  had  m.  p.  171.5-173.5“.  The  crystalline  hydrochloride  was  Isolated  analogously 
to  the  method  described  in  the  previous  experiment;  it  gave  colorless  thin  plates  which  formed  rosettes.  M.  p. 
194-196".  The  substance  was  dried  for  1.5  hr  at  110“  (1  mm)  prior  to  the  analysis. 

Found  7o:  C  63.54;  H  8.16;  N  3.59.  C2iH3204NCl.  Calculated  7o:  C  63.38;  H  8.11;  N  3.52. 

3.  Hydrogenation  over  Raney  nickel.  The  chloride  of  quaternary  base  of  the  qulnolizlne,  prepared  from 

2  g  of  the  piperidone,  was  treated  as  In  the  previous  experiment  and  hydrogenated  In  the  presence  of  1  g  of  Raney 

nickel  at  100  atmos  and  85-90"  for  2  hrs.  Yield:  0.95  g  (49.67o  based  on  the  piperidone).  The  hydrochloride  was 
amorphous;  m.  p.  175-179".  The  crystalline  hydrochloride  formed  thin  colorless  plates;  m.  p.  193.5-194.8“. 

Found  7o:  C  63.45;  H  7.90;  N  3.53.  C21H32O4NCI.  Calculated  7o:  C  63.38;  H  8.11;  N  3.52. 

Below  are  shown  the  melting  points  of  mixed  samples  of  the  isomers; 

Isomers  Amorphous  hydrochlorides  Crystalline  hydrates 

1  and  2  164.5-165.5"  178-180" 

1  and  3  155-156"  155-168“ 

2  and  3  167-167.5"  164-185" 

Methyl  ester  of  4*,5'-dimethoxy-6-ethyl-3,4,5,6,7,8-hexahydrobenzo-(l,2 :  l',2’)-qulnolizyl-7-acetic  acid 
(VIII,  R  =  CH3)  was  Isolated  In  86.47"  yield  in  tlie  case  of  hydrogenation  over  Raney  nickel  catalyst.  The  amor¬ 
phous  hydrochloride  had  m.  p.  186-187°.  The  crystalline  hydrochloride  was  Isolated  In  the  form  of  Irregular  poly¬ 
hedrons.  M.  p.  195-195.5".  The  specimen  was  dried  prior  to  analysis  at  110"  (1  mm)  for  1.5  hr. 

Found  7o;  C  62.55;  H7.90;  N  3.66.  C2oH3n04NCl.  Calculated  7o:  C  62.54;  H  7.88;  N  3.65. 

SUMMARY 

1.  'J  he  synthesis  of  esters  of  isomeric  4*,5*-dimetlioxy-6-etliyl-3,4,5,6,7,8-hexaixydrobenzo-(l,2:  l’,2’)- 
quinolizyl-7-acetlc  acid  was  realized. 

2.  Tlie  reaction  of  condensation  of  methyl  and  etliyl  esters  of  8 -(a'-cyano)-propylglutarlc  acid  with  homo- 
vcratryl  ail  line  was  studied. 

3.  The  conditions  for  sterlcally  directed  hydrogenation  of  the  quaternary  chloride  of  the  ester  of4*,5'-di- 
mcthoxy-6-ethyl-3,4,5,6,7,8-hexahydro-9,10-dehydro-benzo-(l,2 :  l',2’)-quinollzyl-7-acetic  acid  were  worked 
out. 
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STUDIES  IN  THE  SERIES  OF  ISOQUINOLINE  COMPOUNDS 


XV.  SYNTHESIS  OF  ISOMERIC  o-METHYLPSYCHOTRINES 
R.  P.  Evstigneeva,  R.  G.  Glushkov,  and  N.  A,  Preobrazhenskll 


The  alkaloid  o-methylpsychotrlne  Is  Isolated  along  wldi  emetine  from  the  roots  of  the  tropical  Ipecacuanha 
plant.  During  the  study  of  the  alkaloids  of  this  group  the  major  attention  was  devoted  to  emetine  since  It  possesses 
some  valuable  therapeutic  properties  and  Is  contained  In  the  plant  In  predominant  amounts.  The  structure  of 
emetine  was  established  In  1949  [1-5]  and  confirmed  by  synthesis  In  1950  [6].  The  remaining  Ipecacuanha  alka¬ 
loids  have  been  studied  less  Intensively  and  the  structures  of  the  majority  of  them  have  not  been  proved  finally. 

o-Methylpsychotrine  was  discovered  only  In  1917,  considerably  later  than  other  alkaloids  of  this  group.  In 
Its  elemental  composition  o-methylpsychotrlne  differs  from  emetine  only  by  a  lesser  content  of  hydrogen,  by 
two  atoms,  and  may  be  obtained  from  the  latter  by  oxidation  with  mercuric  acetate.  o-Methylpsychotrlne  has 
been  described  as  a  secondary-tertiary  base  since  It  yields  a  singly  substituted  N-benzoyl  derivative  on  being 
heated  with  benzoic  anhydride.  Formula  (I)  was  suggested  in  1927  for  o-methylpsychotrlne  In  accord  with  one 
of  the  structures  proposed  for  emetine  [7]. 


The  position  of  the  double  bond  was  confirmed  by  the  fact  that  In  the  oxidation  of  N-benzoyl-o-methyl- 
psychotrine  with  perphthallc  acid  and  ozone  there  Is  obtained  N-benzoylcorldaldine  [8].  In  1949,  following  the 
establisliment  of  emetine  structure,  formula  (II)  was  accepted  for  o-methylpsychotrine.  However,  a  little  later 
a  conclusion  was  drawn  concerning  the  1,2-position  of  the  double  bond  In  the  dihydrolsoquinoline  ring  (III)  [9], 
on  the  basis  of  the  study  of  tlie  ultraviolet  absorption  spectrum  of  o-methylpsychotrlne  oxalate.  However,  this 
supposition  Is  poorly  compatible  with  the  second ary-tertlary  character  of  the  base.  Thus,  the  problem  of  the  struc¬ 
ture  of  o-methylpsychotrine  remained  open. 

The  scheme  of  emetine  synthesis  developed  by  us  gave  the  opportunity  to  prepare  o-methylpsychotrine  as 
well.  Stereolsomerlc  ethers  of  qulnollzine  (1-3)  [17]  were  employed  for  this  purpose  (see  diagram  at  top  of  next 
page). 

Amides  (V),  which  were  close  to  each  other  in  properties,  were  prepared  by  heating  the  esters  (IV)  with 
honioveratrylamlne  at  180-200”.  The  ultraviolet  absorption  maxima  of  these  amides  He  at  the  same  wavelength 
(Fig.  1).  The  amides  were  converted  Into  isoquinoline  derivatives,  which  had  the  composition  and  the  structure 
which  corresponded  to  the  alkaloid  o-methylpsychotrlne,  the  reaction  being  performed  by  the  action  of  pliosphorus 
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Fig.  1.  Ultraviolet  absorption  spectra  of 
the  amides  in  ethyl  alcohol.  1)  Isomer  1; 
2)  Isomer  2;  3)  isomer  3. 


oxychloride  In  chloroform  solution.  The  bases  were  Isolated  In  an 
amorphous  state  and  had  very  close  melting  points.  They  were  un¬ 
stable  to  atmospheric  oxygen  and  sunlight.  Their  oxalates  were  ob¬ 
tained  In  die  form  of  crystalline  hydrates  which  were  readily  recrystal- 
llzed  from  methyl  alcohol  and  lost  water  only  after  being  dried  at 
110"  and  1  mm  for  3  hrs.  The  melting  points  of  the  oxalates  were 
close  to  each  other.  The  mixed  melting  points  showed  small  but 
clear  depressions.  The  (+)-tartrates  were  also  prepared;  these  crystal¬ 
lize  without  water  of  crystallization. 

The  problem  of  the  location  of  the  double  bond  In  3,4-dlhydro- 
Isoqulnollne  ring  remains  unclear  not  only  for  o-methylpsychotrlne 
but  also  for  the  entire  group  of  similar  compounds.  On  the  basis  of  a 
study  of  the  ultraviolet  absorption  spectra  of  l-methyl-3,4-dlhydro- 
6,7-methylenedloxylsoqulnollne  (VI),  l-benzyl-3,4-dlhydro-6,7- 
methylenedloxylsoqulnollne  (VII)  and  l-(a-plcolyl)-3,4-dihydro- 
6,7-methylenedloxylsoqulnollne  (VIII)  and  the  comparison  of  these 
with  the  spectra  of  stllbene  and  a-stilbazole  Bills  and  Noller  [10]  con¬ 
cluded  In  favor  of  the  exocycllc  location  of  the  double  bond  In  l-(a- 
picolyl)-3,4-dihydro-6,7-methylenedioxyisoquJnollne  (VIII)  and  the 
endocycllc  location  of  it  in  compounds  (VI)  and  (VII). 


^1^  1 

( ) 

1  II  N 

1 

"<  1  1  k  "f' 

1 

1  li  In 

"  /  n 

CII3 

cn., 

CM  i 

1 

\/N\ 

1  ! 

U 

(VI) 

(vri) 

(VIII) 

The  character  of  the  absorption  curve  changes  in  passing  from  the  base  (VIII)  to  the  hydrochloride  (IX), 
which  fact  is  evidently  connected  with  the  translocation  of  the  double  bond.  The  exocycllc  structure  of  com¬ 
pound  (VIII)  is  explained,  most  probably,  by  the  possibility  of  an  Intramolecular  hydrogen  bond  (see  diagram  at 
top  of  next  page). 

This  supposition  Is  confirmed  by  die  fact  that  l-(6 -plcolyl)-3,4-dihydro-6,7-methylenedloxylsoqulnollne, 
in  which  an  intramolecular  hydrogen  bond  cannot  exist,  has  an  endocycllc  N=C  double  bond,  as  shown  by  the 
absorption  spectrum  and  by  transformation  of  compound  (X)  Into  the  isoquinoline  derivative  (XI).  l-(a“Plcolyl)- 
3,4-dIhydro-6,7-methylenedloxylsoqulnollne  (VIII)  does  not  yield  an  Isoqulnollne  derivative. 
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It  Is  possible  to  conclude,  on  the  basis  of  these  studies,  that  for  the  1-substltuted  3,4-dihydroisoquinollne 
compounds  the  endocycllc  location  of  the  double  bond  is  more  common  and  that  only  in  a  few  cases  is  the  exo- 
cycllc  disposition  of  the  double  bond  possible. 

Openshaw  and  Wood  [9],  in  comparing  the  ultraviolet  absorption  spectra  of  the  oxalate  of  natural  o-methyl- 
psychotrlne  with  die  spectrum  of  the  hydrochloride  of  l-methyl-3,4-dlhydro-6,7-methylenedloxylsoqulnollne, 
came  to  the  conclusion  of  the  endocycllc  location  of  the  double  bond  in  o-methylpsychotrlne.  Although  this  posi¬ 
tion  is  correct  in  the  final  result,  it  could  not  be  deduced  solely  on  the  basis  of  the  spectrum  of  the  salt.  The 
spectroscopic  study  of  the  base  was  also  necessary  since  the  salt  and  the  base  might  have  different  dispositions  of 
die  double  bond. 


tge 


We  determined  the  ultraviolet  spectra  of  the  oxalates  of  the  stereolsomerlc  synthetic  o-methylpsychotrines 
(Fig.  2).  The  absorption  curves  of  all  three  isomers  coincide  almost  completely  and  are  similar  to  the  absorption 

curve  of  the  oxalate  of  natural  o-methylpsychotrlne.  The  same  is 
observed  for  die  ultraviolet  spectra  of  (+)-tartrates  of  o-methylpsycho- 
trines  (Figs.  2  and  3).  We  also  examined  the  ultraviolet  spectra  of 
the  stereolsomerlc  bases  of  o-methylpsychotrlne  isolated  from  the 
purified  oxalates  (Fig.  4).  The  absorption  curves  of  the  bases  are 
similar  to  each  other  and  are  analogous  in  the  maximum  distribution 
to  the  absorption  curves  of  1-methyl-  and  l-benzyl-3,4-dlhydro-6,7- 
methylenedioxylsoquinollnes. 

In  accordance  with  these  data  the  structure  of  o-methylpsycho¬ 
trlne  should  be  expressed  by  formula  (III)  with  the  endocycllc  double 
bond.  At  the  same  time  it  is  known  that  o-mediylpsychotrlne  yields 
monoacyl  derivatives  in  which  the  double  bond  can  be  only  exocycllc. 
N-Benzoyl-  and  N-succinyl-o-methylpsychotrines,  prepared  from 
natural  o-methylpsychotrine,  have  been  described  in  the  literature. 

We  prepared  N-acetyl  derivatives  of  stereolsomerlc  o-methylpsycho- 
trlnes  by  treatment  of  the  ethereal  solutions  of  the  bases  with  acetic 
anhydride  and  aqueous  alkali.  The  bases  were  isolated  in  an  amor¬ 
phous  state  but  yielded  crystalline  oxalates.  The  melting  points  of 
the  bases  of  N-acetyl-o-methylpsychotrines  were  close  to  the  corre¬ 
sponding  melting  points  of  the  bases  of  o-methylpsychotrlne.  How¬ 
ever,  the  bases  of  N-acetyl-o-methylpsychotrine  were  more  stable  to 


Fig.  2.  Ultraviolet  absorption  spectra  of 
oxalates  of  o-methylpsychotrines  in  ethyl 
alcohol.  1)  Isomer  1;  2)  Isomer  2;  3)  iso¬ 
mer  3. 


the  action  of  light,  atmospheric  oxygen  and  other  external  effects.  If  one  dissolves  the  base  of  o-methylpsycho¬ 
trlne  in  carbon  tetrachloride,  the  solution  begins  to  cloud  in  a  few  minutes  and  a  red  precipitate  forms;  m.  p. 
171-178“  (deforms  at  164*).  This  resembles  rubremetlne  chloride  (m.  p.  166-173")  in  its  appearance.  A  similar 
picture  is  not  observed  in  a  solution  of  N-acetyl-o-methylpsychotrine  in  carbon  tetrachloride.  The  solution  re¬ 
mains  transparent  for  many  days.  The  melting  points  of  oxalates  of  N-acetyl-o-methylpsychotrlnes  are  also  close 
to  the  corresponding  melting  points  of  oxalates  of  o-methylpsychotrines,  but  show  a  depression  in  mixed  melting 
points  with  them.  The  ultraviolet  spectra  of  bases  of  N-acetyl-o-methylpsychotrlnes  (Fig.  5)  and  their  oxalates 
(Fig.  6)  turned  out  to  be  analogous  to  the  corresponding  spectra  of  o-methylpsychotrines.  The  same  picture  was 
observed  in  the  case  of  l-benzal-l,2,3,4-tetrahydro-2-methyl-6,7-methylenedioxylsoqulnoline  (XII).  Therefore, 
the  ultraviolet  spectra  are  insufficiently  dependable  for  the  determination  of  the  position  of  the  double  bond. 
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Fig.  3.  Ultraviolet  absorption  spectra  of 
(+)- tartrates  of  o-methylpsychotrlnes  In 
ethyl  alcohol.  1)  Isomer  1;  2)  isomer  2; 
3x)  isomer  3;  3j)  isomer  3  from  mother 
liquor. 


Infrared  spectroscopy  gives  better  results  in  many  cases.  In 
the  case  of  o-methylpsychotrlne  die  position  of  the  double  bond 
should  succumb  readily  to  a  determination  by  means  of  Infrared 
spectra  since  In  the  presence  of  an  exocycllc  double  bond  in  die 
molecule,  an  NH  group  must  be  present  and  this  has  a  definite, 
characteristic  Infrared  absorption  band  at  the  region  of  3500-3100 
cm~^  (2.86-3.23  p).  The  Infrared  spectrum  of  the  base  of  o-methyl- 
psychotrine,  taken  in  vaseline  oil,  does  not  have  any  absorption  bands 
at  this  frequency,  which  indicates  the  absence  of  an  exocycllc 
double  bond.  The  spectrum  of  the  o-methylpsychotrine  base  in  car¬ 
bon  tetrachloride  also  showed  the  absence  of  the  NH  group.  We  were 
obliged  to  omit  taking  die  spectrum  In  a  poly  fluorocarbon,  which 
Is  usually  used  for  working  In  this  region  of  the  spectrum,  since 
o-methylpsychotrlne  reacted  Instantly  with  this  substance  with  for¬ 
mation  of  a  red  color.  For  comparison  there  was  taken  the  spectrum 
of  a  standard  substance  —  dlhomoveratrylamlne  —  at  the  same  concen¬ 
tration.  In  dlls  there  was  present  the  band  of  the  NH  group  at  3293.5 
cm"^.  The  location  of  this  band  Indicates  that  In  this  compound 
there  Is  an  Intramolecular  hydrogen  bond. 

Replacement  of  hydrogen  by  deuterium  Is  often  used  In  the 
study  of  the  hydrogen  bond,  since  this  change  Is  accompanied  by  a 


Fig.  4.  Ultraviolet  absorption 
spectra  of  bases  of  o-methylpsy- 
chotrine  in  ethyl  alcohol. 

1)  Isomer  1;  2)  Isomer  2; 

3)  isomer  3. 


A  mj-t  \  mji. 


Fig,  5.  Ultraviolet  absorption  Fig.  6.  Ultraviolet  absorption  spectra  of 
spectra  of  bases  of  N-acetyl-o-  oxalates  of  N- acetyl -o-methyl  psycho  trines 
methylpsychotrlnes  In  ethyl  al-  in  ethyl  alcohol.  1)  Isomer  1;  2)  Isomer  2; 
cohol.  1)  Isomer  1;  2)  isomer  2;  3)  Isomer  3. 

3)  Isomer  3. 


sharp  displacement  of  die  characteristic  frequency  to  the  side  of  longer  wavelengths.  We  attempted  to  use  this 
method  of  study  In  the  hopes  of  locating  the  NH  group  In  o-methylpsychotrlne.  It  Is  known  that  deutero-hydrogen 
exchange  In  the  alcohol  and  the  amino  groups  occurs  extraordinarily  rapidly  [11,  12],  while  the  exchange  of  hydro 
gen  bound  to  carbon  either  does  not  proceed  at  all  or  requires  special  conditions  [13,  14].  The  base  of  o-methyl¬ 
psychotrlne  was  dissolved  In  dry  dloxane  and  treated  with  excess  heavy  water.  After  2  days’  standing  the  base  was 
Isolated  and  subjected  to  spectroscopic  examination.  The  ND  band  also  failed  to  be  found,  whldi  Indicates 
the  absence  of  an  exocycllc  bond  In  o-metfiylpsychotrlne.  The  deutero-hydrogen  exchange  failed  to  take 
place  In  the  case  of  dlhomoveratrylamlne  as  well.  This  agrees  with  other  known  facts  about  die  hindered  hydro¬ 
gen  exchange  at  the  hydrogen  which  participates  In  die  fiarmatlon  of  an  Intramolecular  hydrogen  bond.  For  exam¬ 
ple,  hydrogen  is  not  exchanged  In  1-hydroxyanthraqulnone  [15]  or  l-benzeneazo-2-naphthyIamlne  [16].  In  dl- 
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homoveratrylamine,  evidently,  the  oxygen  of  the  methoxyl  group,  located  In  meta  position  in  respect  to  the  side 
chain  (XIII),  participates  In  the  formation  of  the  hydrogen  bond. 
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Thus,  the  Infrared  spectra  of  the  base  of  o-methylpsychotrine  confirm  the  presence  In  It  of  an  endocycllc 
double  bond.  The  spectroscopic  study  of  salts  of  o-methylpsychotrlne  Is  extraordinarily  complicated  by  the  pre¬ 
sence  of  water  of  crystallization  In  them.  However,  on  the  basis  of  the  spectraldata  In  tfie  region  of  1200-1700 
cm“^.  It  is  possible  to  say  sufficiently  confidently  that  the  salt  is  devoid  of  an  NH  group. 

Summarizing  all  the  above-said,  we  should  consider  that  the  structure  of  o-methylpsychotrlne  corresponds 
to  formula  (III).  The  formation  of  the  mono-N-acyl  derivatives  may  be  explained  by  the  presence  of  tautomerlsm 
between  (II)  and  (III)  wltli  the  predominant  shift  in  the  direction  of  the  compound  with  endocycllc  double  bond 
(III).  Such  a  shift  of  equilibrium  in  the  direction  of  one  of  the  possible  forms  is  observed  in  neutral  and  acidic 
solutions  of  compounds  capable  of  ketlmlde-enamine  transformations.  The  exocycllc  disposition  of  die  double 
bond  arises  only  under  the  action  of  alkali  and  is  fixed  by  an  acylatlng  agent. 


EXPERIMENTAL 

I.  fl  -(3**,4*-Dlmethoxyphenyl)-ethylamlde  of  4*,5'-dlmethoxy-6-ethyl-3,4,5,6,7,8-hexahydrobenzo-(l,2 ;  l',2‘)- 
quinolizyl-7-acetlc  acid  (V).  1)  From  quinolizine  prepared  in  cycllzation  with  phosphorus  oxychloride  and  hydro¬ 
genation  of  quinolizine  chloride  in  the  presence  of  platinum  oxide  In  acid  medium.  Ethyl  ester  of  4’,5*-dimethoxy- 
6-ethyl-3,4,5,6,7,8-hexahydrobenzo-(l,2:  l*,2’)-quinollzyl-7-acetlc  acid  (IV)  (0.72  g)  and  1  g  of  homoveratryl¬ 
amine  were  heated  at  180-200“  for  7  hrs  In  a  nitrogen  stream.  20  ml  of  dry  ether  was  added  to  the  reaction  mix¬ 
ture  after  cooling  and  the  whole  was  left  overnight.  Then,  the  solid  amide  was  filtered  off,  washed  with  water  on 
the  filter  to  remove  traces  of  homoveratrylamine,  and  dried  in  a  desiccator.  The  yield  was  0.6  g  (60.2P/o).  After 
recrystallization  from  ether,  the  amide  formed  a  colorless  crystalline  substance,  readily  soluble  In  alcohol  and 
chloroform,  and  difficultly  in  ether  and  petroleum  ether,  and  Insoluble  in  water;  m.  p.  144-145*  (deforms  slightly 
at  136.5“). 

Found  <yo:  €  69.88;  H  8.09;  N  5.66,  5.68.  CjgllioOsNj-  Calculated  %:  €70.13;  H  8.12;  N  5.64. 

2)  From  quinolizine  prepared  by  cycllzation  of  plperidone  with  phosphorus  oxychloride  and  hydrogenation 
In  the  presence  of  platinum  oxide  in  neutral  medium.  From  0.88  g  of  ethyl  ester  of  4*,5'-dimethoxy-6-ethyl- 
3,4,5,^,7,8-hcxahydrobenzo-(l,2:  l',2’)-quinolizyI-7-acetic  acid  (IV)  and  1  g  of  homoveratrylamine  there  was 
obtained  0.7  g  (57.8%)  of  the  amide,  under  the  same  conditions  as  in  the  previous  experiment.  The  product  was 
isolated  from  ether  in  tlie  form  of  colorless  crystals  which  were  readily  soluble  in  alcohol,  chloroform  and  ace¬ 
tone,  difficultly  in  ether,  and  petroleum  ether,  and  insoluble  in  water.  M.  p.  147.5-148.5“  (deforms  at  145.5“). 

Found  %:  €  70.06,  70.04;  11  7.89,7.92;  N  5.75,  5.74.  €29H4o05N2.  Calculated  %:  €70.13;  H  8.12; 

N  5.64. 

3)  From  quinolizine  prepared  by  cycllzation  of  piperldone  with  phosphorus  oxychloride  and  hydrogenation 
in  the  presence  of  Raney  nickel  catalyst.  From  3  g  of  methyl  ester  of4’,5'-dimethoxy-6-ethyl-3,4,5,6,7,8-hexa- 
hydrobenzo-(l,2 :  i  ’,2’)-quinoiizyi-7-acetic  acid  (IV)  and  3  g  of  homoveratrylamine,  under  the  above-described 
conditions,  there  was  obtained  2.6  g  of  the  amide  (60.5%).  This  separated  in  the  form  of  colorless  crystals  from 

a  mixture  of  anhydrous  ethyl  alcohol  and  petroleum  etlier  (1 :  2).  It  was  readily  soluble  in  alcohol  and  chloroform, 
difficultly  in  benzene,  toluene,  ether  and  petroleum  ether,  and  insoluble  in  water.  M.  p.  144-146.5“  (deforms 
at  139“). 
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Found  %:  €  70.42,70.25;  H  8.37,  8.04;  N  5.68,  5.76.  C29H40O5N2.  Calculated  %:  C  70.13;  H  8.12; 

N  5.64. 

II.  o-Methylpsychotrine  (III).  From  amide  prepared  from  qulnolizlne  Isolated  after  hydrogenation  in  the 
presence  of  platinum  oxide  in  acid  medium,  a)  The  base  of  o~methylpsychotrlne.  The  amide  (1.6  g),  15  ml 
of  dry  chloroform  and  10  ml  of  phosphorus  oxychloride  were  heated  at  gentle  reflux  for  4  hrs.  The  chloroform 
and  excess  phosphorus  oxychloride  were  distilled  off  In  vacuo.  The  residue  was  dissolved  In  10  ml  of  5%  hydro¬ 
chloric  add  and  extracted  with  20  ml  of  ether  to  remove  Impurities.  Then  the  cooled  aqueous  solution  was  made 
alkaline  with  ammonia.  The  separated  base  was  extracted  with  ether,  then  with  chloroform.  The  solvents  were 
distilled  off  after  drying  with  potassium  carbonate.  From  the  ethereal  extract  there  was  obtained  0.45  g  of  the 
base  In  the  form  of  a  slightly  yellow  oil,  which  rapidly  solidified  In  vacuo,  being  transformed  Into  a  foam-llke 
colorless  amorphous  substance.  After  removal  of  ether  In  vacuo,  from  a  solution  In  dry  ether  of  the  residue  ob¬ 
tained  after  evaporation  of  the  solvent  from  the  chloroform  extract  above,  there  was  obtained  an  additional  0.5  g 
of  the  o-m  ethyl  psycho  trine  base.  The  yield  was  0.95  g  (61.6%).  M.  p.  59-60“  (deforms  at  52.5“). 

b)  Oxalate  of  o-methylpsychotrlne  was  prepared  by  treatment  of  an  ethereal  solution  of  the  base  with  an 
ethereal  solution  of  oxalic  acid.  The  oxalate  attracts  atmospheric  moisture  during  filtration.  After  three  recrystal- 
llzatlons  from  anhydrous  methyl  alcohol,  the  oxalate  formed  a  colorless  substance  which  was  readily  soluble  in 
water,  difficultly  In  alcohol  and  Insoluble  in  ether.  The  substance  was  dried  at  110“  (1  mm)  for  3  hrs  prior  to 
analysis  for  carbon  and  hydrogen.  M.  p.  147.5“  (It  deforms  at  145.5-146.5“). 

Found  %:  C  60.13;  H  6.23;  N  4.40.  C33II42N2O12.  Calculated  %:  €60.17;  H  6.43;  N  4.25. 

c)  Base  of  o-methylpsychotrlne  was  isolated  from  the  oxalate.  The  0.15  g  of  o-methylpsychotrlne  oxalate 
obtained  above  was  dissolved  In  water  and  treated  with  ammonia.  The  separated  base  was  extracted  with  ether 
and  dried  over  anhydrous  potassium  carbonate.  The  base,  after  the  distillation  of  ether,  was  Isolated  In  the  form 
of  a  colorless  amorphous  substance,  readily  soluble  In  organic  solvents  and  Insoluble  In  water.  Yield  was  0.1  g 
(79.5“).  M.  p.  59-60“  (it  deforms  at  52.5“). 

Found  %:  C  72.80;  H  8.25;  N  5.80.  C29H38O4N2.  Calculated  %:  C  72.77;  H  8.00;  N  5.85. 

d)  (+)-Tartrate  of  o-methylpsychotrlne.  To  a  solution  of  0.2  g  of  the  o-methylpsychotrlne  base  In  2  ml  of 
anhydrous  ethyl  alcohol  there  was  added  a  solution  of  0.15  g  of  (+)-tartarlc  acid  In  4  ml  of  alcohol.  A  precipitate 
of  (+)-tartrate  precipitated  Immediately  and  was  filtered  off.  The  yield  was  0.3  g  (88%).  The  (+)-tartrate  (0.3  g) 
was  recrystallized  from  5  ml  of  anhydrous  ethyl  alcohol.  There  was  obtained  0.2  g  of  the  product.  After  repeated 
recrystalllzation  from  6  ml  of  alcohol,  there  was  Isolated  0.13  g  of  slightly  yellowish  substance,  readily  soluble 

In  water,  moderately  In  alcohol  and  acetone,  and  Insoluble  In  ether.  M.  p.  125*  (with  decomposition)  (deforms 
at  100“);  [a]^*D+17.8*  (c  3.4;  water). 

Found  %:  C  57.06;  H  6.86;  N  3.83,  3.86.  C29H3g04N2 •  2C4H6O6.  Calculated  %:  C  57.07;  H  6.47;  N  3.59. 

2)  From  the  amide  prepared  from  qulnolizlne  Isolated  after  hydrogenation  In  the  presence  of  platinum  oxide 
In  neutral  medium,  a)  Base  of  o-methylpsychotrlne.  From  1.5  g  of  die  amide  there  was  obtained  as  a  result  of 
treatment  analogous  to  that  described  above,  1.31  g  (91%)  of  o-methylpsychotrlne  base  in  the  form  of  a  colorless 
amorphous  substance.  M.  p.  50*  (deforms  at  40“). 

b)  The  oxalate  was  prepared  by  the  reaction  of  the  base  with  oxalic  acid  in  ethereal  solution.  The  oxalate 
precipitate  was  filtered  off  and  recrystallized  3  times  from  anhydrous  methyl  alcohol.  The  substance  was  dried 
at  110“  (1  mm)  for  3  hrs  prior  to  analysis  for  carbon  and  hydrogen.  M.  p.  148"  (decomp.)  (deforms  at  146.5“). 

Found  %:  €  59.96,  60.21;  H  6.57,  6.71;  N  4.40,  4.22.  C33H42O12N2.  Calculated  %:  C  60.17;  H  6.43; 

N  4.25. 

c)  o-Methylpsychotrlne  base  Isolated  from  the  oxalate.  From  0.15  g  of  the  oxalate  there  was  obtained 
0.12  g  (79.5%)  of  the  base.  M.  p.  58-59“  (deforms  at  50“). 

Found  %:  C  72.40;  H  8.13;  N  5.57.  C29H38O4N2.  Calculated  %:  C  72.77;  H  8.00;  N  5.85. 

d)  (+)-Tartrate  of  o-methylpsychotrlne.  The  o-methylpsychotrlne  base  (0.21  g)  was  dissolved  In  3  ml  of 
anhydrous  ethyl  alcohol  and  treated  with  0.2  g  of  (+)-tartarlc  acid  In  4  ml  of  alcohol.  The  precipitate  of  (+)- 
tartrate  was  recrystallized  from  9  ml  of  anhydrous  ethyl  alcohol.  There  was  obtained  0.1  g  of  product.  After 
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repeated  crystallization  from  4.5  ml  of  alcohol  there  was  Isolated  50  mg  of  the  product.  (+)-Tartrate  forms  a 
slightly  yellowish  substance,  readily  soluble  in  water,  moderately  in  alcohol  and  acetone  and  Insoluble  in  ether. 

M.  p.  125*  (decomp.);  [a]^*D  +11.45’  (c  4.66;  water). 

Founder  C  57.11;  H  6.71;  N  3.87,  3.60.  C29H3P4N,- 2C4H6O6.  Calculated  <7o:  C  57.07;  H6.47;N3.59. 

3)  From  the  amide  prepared  from  quinollzine  isolated  after  hydrogenation  in  die  presence  of  Raney  nickel 
catalyst,  a)  From  2.3  g  of  the  amide  Aere  was  obtained  by  the  above- described  method  2  g  (91%)  of  the  base  In 

I  the  form  of  colorless  amorphous  substance,  readily  soluble  in  alcohol  and  chloroform,  difficultly  in  ether  and  in¬ 

soluble  in  water.  M.  p.  60-61*  (deforms  at  38*). 

b)  o-Methylpsychotrine  oxalate  —  a  colorless  crystalline  substance,  readily  soluble  in  water,  difficultly  in 
alcohol  and  insoluble  in  ether.  It  was  purified  by  three  recrystallizations  from  anhydrous  methyl  alcohol.  The 
substance  was  dried  at  1  mm  and  110*  for  3  hrs  prior  to  analysis.  M.  p.  147.5*  (decomp.)  (deforms  at  145.5*). 

'  Found  %:  C  60.31,  59.86;  H  6.34,  6.41;  N  4.40,  4.28.  Cs3H4aOuN,.  Calculated  %:  C  60.17;  H  6.43; 

N4.25. 

c)  Base  of  o-methylpsychotrlne  isolated  from  the  oxalate.  From  0.15  g  of  the  oxalate  there  was  obtained 
0.084  g  (66.79%)  of  the  base  in  the  form  of  a  colorless  amorphous  substance,  readily  soluble  in  alcohol  and  chloro¬ 
form,  difficultly  in  ether  and  Insoluble  in  water.  M.  p.  58-59*  (deforms  at  50*). 

'  Found  %:  C  72.53;  H  8.32;  N  5.77.  C28H38O4N2.  Calculated  %:  C  72.77;  H  8.00;  N  5.85. 

d)  (+)- Tartrate  of  o-methylpsychotrine.  To  50  mg  of  the  o-m ethyl psychotrine  base  in  2  ml  of  anhydrous 

ethyl  alcohol  there  was  added  31  mg  of  (+)-tartarlc  acid  in  2  ml  of  alcohol.  The  resulting  precipitate  was  filtered 

off.  The  yield  was  40  mg  (50%).  M.  p.  159"  (decomp.)  (deforms  at  120*).  It  was  recrystallized  twice  from  a  mix¬ 

ture  of  anhydrous  ethyl  alcohol  and  acetone.  It  was  a  nearly  colorless  substance  with  a  slight  pistachio  shade, 
rather  readily  soluble  in  water  and  acetone.  Insoluble  in  ether.  M.  p.  160*  (decomp.)  (deforms  at  123.5*  slightly); 
[a]“D  +10.65*  (c  3,98;  water). 

Found  %:  C  57.19;  H  6.68;  N  3.71.  Cj^HsoOigN,.  Calculated  %:  C  57.07;  H  6.47;  N  3.59. 

The  alcoholic  m.other  liquor,  after  the  separation  of  the  crystalline  precipitate,  was  evaporated  in  vacuo. 
There  was  left  a  residue  of  40  mg  (50%);  m.  p.  120*  (decomp.).  It  was  recrystallized  twice  from  a  mixture  of 
anhydrous  alcohol  and  acetone.  In  its  appearance  and  properties  it  duplicates  the  previously  described  tartrate. 

M.  p.  160*  (decomp.)  (deforms  at  120*);  [a]^*D  +16.1*  (c  1.88;  water). 

Found  %:  C  57.13;  H  6.62.  CarHsoOigNj.  Calculated  %:  C  57.07;  H  6.47. 

111.  N-Acetyl-o-methylpsychotrine.  1)  From  o-methylpsychotrine  prepared  from  quinollzine  isolated  after 
hydrogenation  in  the  presence  of  platinum  oxide  In  acid  medium,  a)  N-Acetyl-o-methylpsychotrine  base.  The 
base  of  o-methylpsychotrlne  (0.55  g)  was  dissolved  in  50  ml  of  ether  and  treated  with  7.7  ml  of  10%  aqueous  solu¬ 
tion  of  potassium  hydroxide  and  0.8  ml  of  acetic  anhydride.  The  mixture  was  shaken  in  a  separatory  funnel  for 
10  min.  The  aqueous  layer  was  sep^ated  and  the  ethereal  layer  was  washed  with  a  potassium  hydroxide  solution. 
The  extract  was  dried  with  potassium  carbonate.  After  distillation  of  ether,  there  was  isolated  the  base  of  N-acetyl- 
o-m  ethyl  psychotrine  in  the  form  of  a  colorless  amorphous  powder.  The  yield  was  0.52  g  (86%);  m.  p.  78-79* 
(deforms  at  40*). 

Found  %;  C  71.87;  H  7.57;  N  5.47.  CjiHioOsN,.  Calculated  %;  C  71.49;  H  7.75;  N  5.38. 

b)  N-Acetyl-o-methylpsychotrine  oxalate.  This  was  prepared  by  treatment  of  an  ethereal  solution  of  the 
base  with  an  ethereal  solution  of  oxalic  acid.  The  oxalate  attracts  atmospheric  moisture  during  filtration.  It 
was  recrystallized  twice  from  anhydrous  methyl  alcohol.  It  was  a  colorless  substance,  readily  soluble  in  water, 
difficultly  in  alcohol  and  Insoluble  in  ether.  M.  p.  148.5*  (decomp.)  (deforms  at  142*).  The  melting  point  of  a 
mixture  of  the  oxalate  of  N-acetyl-o-methylpsychotrine  with  the  oxalate  of  o-methylpsychotrlne  was  141.5-148* 
(decomp.)  (deforms  at  137*). 

Found  %:  C  57.74;  H  7.1.  CsiH4o05N,-C2H204*4H20.  Calculated  %:  C  68.04;  H  7.38. 

2)  From  o-mefiiylpsychotrine  prepared  from  quinollzine  isolated  after  hydrogenation  in  the  presence  of 
platinum  oxide  in  neutral  medium,  a)  N-Acetyl-o-methylpsychotrine  base.  This  was  prepared  as  indicated  in 
the  previous  experiment  in  nearly  quantitative  yield.  M.  p.  98-99*  (deforms  at  97*). 
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Found  C  71.75;  H  7.50;  N  51.3.  CsiF^^OsN,.  Calculated  <^oi  C  71.49;  H  7.75;  N  5.38. 

b)  N-Acetyl-o-methylpsychotrlne  oxalate,  m.  p.  152*  (decomp.)  (deforms  at  146*).  The  melting  point  of 
a  mixture  of  the  oxalate  of  N-acetyl-o-methylpsychotrlne  with  the  oxalate  of  o-methylpsychotrlne  was  142-150* 
(decomp.)  (deforms  at  138*). 

Founder  C  58.35;  H  7.15.  C3ill4o05N2-CjH204-4H^.  Calculated  C  58.04;  H  7.38. 

3)  From  o-methylpsychotrlne  prepared  from  qulnollzlne  Isolated  after  hydrogenation  In  the  presence  of 
Raney  nickel  catalyst,  a)  N-Acetyl-o-methylpsychotrlne  base,  m.  p.  73-74*  (deforms  at  40*). 

b)  N-Acetyl-o-methylpsychotrlne  oxalate,  m.  p.  151*  (decomp.)  (deforms  slightly  at  143.5*).  The  melt¬ 
ing  point  of  a  mixture  of  die  oxalate  of  N-acetyl-o-methylpsychotrlne  and  the  corresponding  oxalate  of  o-methyl¬ 
psychotrlne  was  142.5-50*  (deforms  at  138.5“). 

Found  <>/o:  C  58.35;  H  7.15.  C3iH4o05N2-C,Hj04-4H|0.  Calculated  <7o:  C  58.04;  H  7.38. 


SUMMARY 

1.  The  syndiesls  of  Isomeric  o-methylpsychotrlnes  was  accomplished. 

2,  The  studies  made  on  o-methylpsychotrlne  and  Its  acyl  derivatives  permit  us  to  conclude  that  the  bases 
and  die  salts  of  the  alkaloids  have  predominantly  endocycllc  N  =  C  position  of  the  double  bond.  In  the  alkaline 
medium  there  occurs  a  migration  of  hydrogen  (prototropic  rearrangement)  with  formation  of  an  exocycllc  C=C 
bond. 


LITERATURE  CITED 

[1]  E.  Spath  and  M.  Pallet,  Monatsh.  78,  348  (1948). 

[2]  M.  Pallet  and  L.  Bllck,  Monatsh.  79,  127  (1948). 

[3]  M.  Pallet,  Monatsh.  79,  331  (1948). 

[4]  M.  Pallet  and  K.  Rorschlnskl,  Monatsh.  80  ,  94  (1949). 

[5]  A.  R.  Battersby  and  H.  T.  Openshaw,  J.  Chem.  Soc.  1949,  3207. 

[6]  R.  P.  Evstigneeva,  R.  S.  Livshits,  L.  I.  Zakharkin,  M.  S.  Balnova,  and  N.  A.  Preobrazhenskll,  Doklady 
Akad.  Nauk  SSSR  75,  539  (1950). 

[7]  W.  H.  Brindley  and  F.  L.  Pyman,  J.  Chem.  Soc.  1927,  1067. 

[8]  P.  Karrer,  C.  H.  Eugster,  and  O.  Ruttner,  Helv.  Chlm.  Acta  31,  1219  (1948). 

[9]  H.  T.  Openshaw  and  H.  C.  S.  Wood,  J.  Chem.  Soc.  1952,  391. 

[10]  J.  L.  Bills,  C.  R.  Noller,  and  M.  Azlma,  J.  Am.  Chem.  Soc.  72,  17  (1952). 

[11]  J.  Hlne  and  C.  H.  Thomas,  J.  Am.  Chem.  Soc.  75,  730  (1953);  76  ,  612  (1954). 

[12]  H.  Kwart,  L.  P.  Kuhn,  and  E.  L.  Bannister,  J.  Am.  Chem.  Soc.  76,  5998  (1954). 

[13]  D.  N.  Kursanov,  V.  N.  Setklna,  and  A.  P.  Meshcherlakov,  Doklady  Akad.  Nauk  SSSR  105,  279  (1955). 

[14]  A.  I.  Shatenshteln,  K.  I.  Zhdanova,  L.  I.  Vinogradov,  and  V.  R.  Kallnachenko,  Doklady  Akad.  Nauk 
SSSR  102,  779  (1955). 

[15]  D.  N.  Shlgorln  and  N.  S.  Dokunlkhln,  Doklady  Akad.  Nauk  SSSR  100,  323  (1955). 

[16]  G.  D.  Bagratlshvllll,  Doklady  Akad.  Nauk  SSSR  96,  753  (1954). 

[17]  R.  P.  Evstigneeva,  J.  Gen.  Chem.  28,  2458  (1958).* 

Received  July  11,  1957  Moscow  Instltiite  of  Fine  Chemical  Technology 

*  Original  Russian  pagination.  See  C.  B.  translation. 


2506 


FROM  THE  FIELD  OF  ORGANIC  INSECTOFUNGICIDES 
XXXIV.  NEW  METHOD  OF  SYNTHESIS  OF  TRIALKYL  PHOSPHITES 

N.  N.  Mel’nikov,  la.  A.  Mandel ’baum  and  Z.  M.  Bakanova 


Various  derivatives  of  phosphonlc  acids,  such  as^fisr  example,  the  derivatives  of  phosphonoacetlc  acid,  used 
for  control  of  plant  pests  [1,  2]  have  received  a  practical  application  In  agriculture  as  chemical  means  of  protec¬ 
tion  of  plants  In  recent  years,  along  with  the  esters  of  phosphoric,  thlophosphorlc  and  dlthlophosphorlc  acids.  The 
basic  raw  material  for  the  preparation  of  compounds  of  this  type  are  the  trlalkyl  phosphites  which  are  beginning 
to  acquire  an  independent  significance  in  agriculture  as  the  means  for  control  of  weeds  [3].  In  connection  wldi 
this  Information  we  undertook  a  special  study  of  the  methods  of  preparation  of  trlalkyl  phosphites. 

At  tfie  present  time  there  have  been  described  In  the  literature  four  methods  of  synthesis  of  trlalkyl  phos¬ 
phites:  1)  the  method  of  A.  E,  Arbuzov,  by  the  reaction  of  phosphorus  trichloride  with  sodium  alcoholates  In  ether 
or  another  suitable  solvent  [4,  5];  2)  the  method  of  Mllobendzkf  ,  by  the  reaction  of  phosphorus  trichloride  with 
alcohols  In  the  presence  of  organic  bases  [6-8];  3)  the  reaction  of  transesterlhcatlon  [14]  and  4)  from  sodium  salts 
of  acid  esters  of  carbonic  acid  and  phosphorus  trichloride  [15].  Among  the  listed  methods  of  preparation  of  trl¬ 
alkyl  phosphites,  the  most  practical  Interest,  In  our  opinion,  lies  in  the  first  two  methods.  However,  In  the  second 
method  one  obtains  a  not  very  pure  product,  while  in  the  first,  one  is  obliged  to  work  with  metallic  sodium 
which  Is  Inconvenient  in  some  cases,  while  the  yields  at  times  do  not  rise  over  20-30<7o. 

Analogous  to  the  method  of  preparation  of  esters  of  chloro thlophosphorlc  acid  developed  by  us  recently 
[16-18],  we  used  for  the  preparation  of  trialkyl  phosphites  the  reaction  of  phosphorus  trichloride  with  magnesium 
alcoholates  which  are  readily  prepared  from  the  corresponding  alcohol  and  metallic  magnesium. 

2PCl3  +  (RO)2Mg  2ROPCl2-f  MgCl2 

2ROPCl2  +  (RO)2Mg  2(R0)2PC1  + MgCla 

2(R0)2PC1  +  (RO).,Mg  ->  2(R0)3P  +  MgCla 

As  Intermediate  products  there  are  formed  the  esters  of  chloro  phosphorous  acid,  which  under  appropriate 
conditions  may  be  isolated  readily.  The  trialkyl  phosphites  may  be  obtained  in  35-60%  yields  from  this  reaction. 
The  compounds  prepared  by  us  and  their  properties  are  listed  in  the  table. 

EXPERIMENTA  L 

Preparation  of  trialkyl  phosphites.  As  an  example,  we  describe  the  preparation  of  triethyl  phosphite  by  two 
methods. 

1.  To  magnesium  ethoxlde  prepared  from  5.5  g  of  metallic  magnesium  (powder)  and  27  ml  of  anhydrous 
ethyl  alcohol  in  75  ml  of  dry  ether  tfiere  was  added  over  30  min  with  good  stirring  13.7  g  of  phosphorus  trichloride. 
The  temperature  of  the  reaction  mixture  rose  from  20*  to  the  boiling  point  of  ether  during  the  addition  of  phos¬ 
phorus  trichloride.  After  addition  of  the  entire  amount  of  phosphorus  trichloride,  the  reaction  mixture  was  refluxed 
on  a  water  bath  for  1.5  hr.  Then,  after  cooling,  the  precipitated  magnesium  chloride  was  filtered  off,  ether  was 
distilled  and  the  residue  distilled  In  vacuo  or  at  atmospheric  pressure.  B.  p.  154-155*.  Yield:  9-10  g  (56-60%). 
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*  In  Russian. 


2.  To  dry  powdered  magnesium  ethoxide  suspended  In  75 
ml  of  absolute  ether  there  was  gradually  added  13.7  g  of  phos¬ 
phorus  trichloride  and  the  reaction  mixture  was  worked  up  furdier 
as  described  above.  Magnesium  ethoxide  was  prepared  by  the  dis¬ 
solution  of  5.5  g  of  metallic  magnesium  in  70  ml  of  anhydrous 
alcohol  with  a  subsequent  distillation  of  excess  alcohol  in  vacuo 
from  a  water  bath.  The  yield  of  triethyl  phosphite  by  this  method 
was  55*70. 

Under  completely  analogous  conditions  there  were  prepared 
the  other  trlalkyl  phosphites,  except  trlmelhyl  phosphite,  the  yield 
of  which  was  poor.  It  is  possible  to  use  benzene  or  petroleum 
ether  as  die  solvent  Instead  of  ether,  but  the  yields  of  trlalkyl 
phosphites  in  these  cases  are  lower. 

SUMMARY 

A  new  method  of  preparation  of  trlaklyl  phosphites  in  yields 
of  35-60%  by  the  reaction  of  phosphorus  trichloride  with  magne¬ 
sium  alcoholates  has  been  developed  and  proposed. 
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CATALYTIC  SYNTHESIS  OF  KETONES 


V.  SYNTHESIS  OF  METHYL  PHENYL,  ETHYL  PHENYL,  METHYL  n-PROPYL,  AND  DI-n-PROPYL  KETONES 

I.  P.  Iakovlev  and  D.  P.  Popa 


One  of  us  had  previously  made  a  supposition  [1]  that  alcdiols  which  cannot  be  dehydrated  to  ethylenic  com¬ 
pounds  should  not  form  ketones  and  proposed  a  general  scheme  of  ketonizatlon  [2].  In  the  present  work  the  above 
supposition  was  verified  experimentally  and  some  theories  were  developed  about  die  mechanism  of  ketonizatlon 
In  which  two  carbonyl- containing  compounds  take  part  In  the  reaction.  We  studied  the  following  mixtures:  1)  ben¬ 
zoic  acid  and  ethyl  alcohol,  2)  acetic  acid  and  benzyl  alcohol ,3)  benzoic  acid  and  methyl  alcohol,  4)  benzaldehyde 
and  acetic  acid,  5)  n-butyraldehyde,  6)  n-butyr aldehyde  and  acetic  acid,  and  7)  ethyl  benzoate  and  ethyl  alcohol. 
Benzoic  acid  and  methyl  alcohol,  and  acetic  acid  and  benzyl  alcohol,  as  Indicated  earlier  [1],  should  not  form 
either  acetophenone  or  methyl  benzyl  ketone,  while  benzoic  acid  and  ethyl  alcohol  ^ould  yield  ethyl  phenyl 
ketone.  The  synthesis  of  methyl  ethyl  ketone  from  acetic  acid  and  ethyl  alcohol  had  been  carried  out  earlier  [3]. 
The  reaction  was  run  on  chrome-manganese  catalyst  [8]. 

Actually,  as  shown  by  our  experiments,  neither  acetophenone  was  formed  from  benzoic  acid  and  methyl 
alcohol,  nor  was  methyl  benzyl  ketone  formed  from  acetic  acid  and  benzyl  alcohol,  as  expected,  while  ethyl 
phenyl  ketone  did  form  from  benzoic  acid  and  ethyl  alcohol.  It  should  be  noted  that  in  the  reaction  of  acetic 
acid  and  benzyl  alcohol  there  was  observed  the  formation  of  acetophenone.  This  reaction  does  not  fit  either  our 
schemes  of  ketonization  reactions  or  the  schemes  according  to  which  the  formation  of  ketones  proceeds  either 
through  esters  or  through  aldols  [4-7].  We  supposed  that  the  formation  of  acetophenone  from  acetic  acid  and 
benzyl  alcohol  proceeds  analogously  to  the  reaction  of  ketonization  of  acetic  and  benzoic  acids.  Benzyl  alcohol 
is  transformed  by  dehydrogenation  at  first  into  benzaldehyde,  after  which  the  resulting  benzaldehyde  reacts  with 
acetic  acid.  This  supposition  is  confirmed  by  the  fact  that  in  the  reaction  of  acetic  acid  and  benzaldehyde  there 
is  formed  some  acetophenone.  This  reaction  showed  that  acetophenone  is  evidently  formed  in  the  reaction  of 
acetic  acid  and  benzaldehyde,  but  not  benzyl  alcohol,  and  that  it  is  a  special  case  of  a  general  scheme  of  keto¬ 
nization  of  compounds  with  carbonyl  groups  [2].  If  this  is  correct,  n-butyraldehyde  should  yield  di-n-propyl 
ketone.  The  mixture  of  n-butyraldehyde  and  acetic  acid  should  yield  methyl  propyl  ketone,  along  with  acetone 
and  di-n-propyl  ketone.  Actually,  during  ketonization  of  a  mixture  of  acetic  acid  with  n-butyraldehyde  there 
were  obtained  the  expected  ketones  —  acetone,  methyl  propyl  ketone  and  di-n-propyl  ketone. 

TThe  general  scheme  of  ketonization  of  compounds  which  have  carbonyl  groups,  proposed  by  us,  permits  one 
to  forecast  the  direction  of  the  ketonization  processes.  It  would  be  possible,  for  example,  to  say  that  on  the  de¬ 
hydrogenating  catalysts,  such  as  copper,  there  would  be  formed  mainly  acetone  from  a  mixture  of  acetic  acid 
and  ethyl  alcohol,  while  over  a  dehydrating  catalyst,  for  example,  aluminum  oxide,  methyl  ethyl  ketone  would 
be  formed. 


EX  PERIMENTAL 

1.  Experiments  with  benzoic  acid  and  ethyl  alcohol.  A  solution  of  ethanol  saturated  at  room  temperature 
with  benzoic  acid  was  fed  from  an  automatic  burette  into  the  catalyst  tube  made  of  Pyrex  glass,  the  feed  rate 
being  15  ml  per  hour.  The  chrome-manganese  catalyst  [8]  was  deposited  on  asbestos  wool. 

For  determination  of  optimum  reaction  conditions,  the  reaction  was  run  at  440,  450  and  460*.  In  all  experi¬ 
ments  hydrogen  was  supplied  to  die  system  at  the  rate  of  75  ml  per  min.  The  hydrogen  was  obtained  from  arsenic- 
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a)  Saturated  solution  at  room  temperature;  b)  molar  ratio;  c)  calculated  on  the  acid;  d)  calculated  on  the  aldehyde;  e)  calculated 
on  the  ester. 


free  zinc  and  dilute  sulfuric  acid.  The  catalyzate,  after  being  dried,  was  subjected  to  fractional  distillation.  The 
results  oi  this  and  subsequent  experiments  are  shown  In  the  table.  The  optimum  reaction  temperature  was  found 
to  be  450*  and  the  experiments  were  run  at  this  level. 

Fractions  witli  b.  p.  170-251“  consisted  mainly  of  benzaldehyde  and  a  small  amount  of  acetophenone.  A 
few  drops  of  the  fraction  were  taken  at  the  beginning  and  the  end  of  distillation  for  preparation  of  derivatives 
with  2,4-dlnitrophenylliydrazlne.  The  tests  of  the  resulting  2,4-dlnltrophenylhydrazones  of  acetone  and  benzalde¬ 
hyde  in  mixed  melting  points  with  authentic  compounds  gave  respective  m.  p.  234“  and  243“.  The  fraction  with 
b.  p.  215-220“  was  ethyl  phenyl  ketone  (b.  p.  218").  Ethyl  phenyl  ketone  was  characterized  by  the  melting  points 
of  Its  2,4-dinltrophenylhydrazone  and  semicarbazone. 

2.  Experiments  with  ethyl  benzoate  and  ethyl  alcohol  were  run  at  450“  over  chrome-manganese  catalyst 
(15  g)  deposited  on  asbestos  wool.  The  feed  rate  of  the  Initial  mixture  was  50  ml/hr;  hydrogen  was  supplied  at 
the  rate  of  100  ml/mln.  Two  layers  formed  —  aqueous  and  oily.  The  latter  was  separated  and  dried  over  sodium 
sulfate.  After  distillation  there  were  isolated:  acetone,  acetophenone  and  ethyl  phenyl  ketone.  The  yield  of 
ethyl  phenyl  ketone,  as  in  the  previous  experiment,  was  negligible. 

3.  Experiments  with  benzyl  alcohol  and  acetic  acid,  were  run  under  conditions  analogous  to  those  described 
for  the  1st  experiment.  Acetophenone  was  characterized  by  the  melting  point  of  Its  derivatives,  whose  mixed 
melting  points  gave  no  depression.  It  was  Impossible  to  fractionate  the  mixture  Into  the  various  components  In 
this  experiment.  As  follows  from  our  scheme,  evolution  of  carbon  monoxide  should  occur  in  the  formation  of 
acetophenone  from  acetic  acid  and  benz.yl  alcohol.  Actually,  the  gas  analysis  run  in  the  VTI  apparatus  con¬ 
firmed  our  expectations.  In  the  off-gases  there  were  found  38<7oof  carbon  monoxide  and  1.5%  carbon  dioxide; 
unsaturated  hydrocarbons  were  absent,  while  hydrogen  was  not  determined. 

4.  Experiments  with  benzaldehyde  and  acetic  acid.  For  confirmation  of  the  fact  that  acetophenone  Is  formed 
from  benzyl  alcohol  and  acetic  acid  through  benzaldehyde,  there  was  run  an  experiment  with  these  substances. 

The  results  were  similar  to  those  from  the  preceding  experiment  (see  Table). 

5.  Experiments  with  methyl  alcohol  and  benzoic  acid  were  run  analogously  with  those  described  In  Expt.  1. 
Methanol  and  benzaldehyde  were  detected  In  the  examination  of  the  resulting  catalyzate.  No  acetophenone  was 
found. 


6.  Experiments  with  n-butyraldehyde  and  Its  mixture  with  acetic  acid  were  run  under  conditions  analogous 
to  those  described  In  Expt.  1. 


SUMMARY 

The  reaction  of  ketonization  of  acids  and  aldehydes  over  a  chrome-manganese  catalyst  was  studied.  From 
a  mixture  of  acetic  acid  and  benzyl  alcohol  it  was  impossible  to  isolate  any  methyl  benzyl  ketone.  No  aceto¬ 
phenone  was  formed  from  benzoic  acid  and  methanol.  Benzoic  acid  and  ethyl  benzoate  form  ethyl  phenyl  ketone 
with  edianol.  n-Butyraldeliyde  with  acetic  acid  gave  methyl  n-propyl  ketone  and  dl-n-propyl  ketone.  Benzalde¬ 
hyde  and  acetic  acid  gave  acetophenone. 
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REACTION  OF  PHOSPHORUS  PENT ACH LORIDE  WITH  AMIDES 


OF  PHOSPHORIC  ACID 

A.  V.  Kirsanov  and  I.  N.  Zhmurova 


In  the  reaction  of  phosphorus  pentachloride  with  aryl-  and  alkylsulfonamides  [1],  amides  of  carboxylic  acids 
[2]  and  amides  of  carbonic  acid  [3]  there  are  formed  the  corresponding  trichlorophosphazo  compounds.  This  allows 
one  to  suppose  that  this  reaction  has  a  general  character  and  could  be  extended  to  amides  of  other  acids,  including 
phosphoric  and  thio phosphoric.  In  reality,  diphenyl  phosphoramldate  and  di[^enyl  thlophosphoramidate  react  with 
phosphorus  pentachloride  yielding  thereby  the  diphenyl  esters  of  trlchlorophosphazophosphoric  and  trichlorophos- 
phazothionophosphoric  acids. 


(CoH50)2PONH2-fPCl5  — 2HCl  +  (Cr,H50)2PON=PCl3 

(I) 

(GeH50)2PSNH2  +  PCl5  2HC1  +  (C6H50)2PSN=PGl3 

(ID 

The  reaction  proceeds  in  almost  quantitative  yield  at  room  temperature. 

Trichlorophosphazo  compounds  (I)  and  (II)  are  colorless  viscous  liquids  which  are  readily  soluble  in  benzene, 
carbon  tetrachloride  and  dioxane,  insoluble  in  petroleum  ether.  They  are  slowly  hydrolyzed  by  water  and  atmos¬ 
pheric  moisture. 

Diphenyl  ester  of  trlchlorophosphazophosphoric  acid  forms  the  diphenyl  ester  of  trianilinophosphazophos- 
phoric  acid,  (C5H50)2P0N=P(NHC6H5)3,  on  being  heated  with  aniline  in  a  benzene  solution.  The  diphenyl  ester 
of  trichlorophosphazothionophosphoric  acid  forms,  in  its  reaction  with  aniline,  a  viscous  extensible  mass  from 
which  we  failed  to  isolate  any  individual  substances. 

In  the  hydrolysis  of  substances  (I)  and  (II)  with  formic  acid  there  are  formed  the  corresponding  dichlorides: 
(C5H50)2P0NHP(X:i2  (in)  and  (C5H50)2PSNHP0Cl2  (IV).  The  dichloride  (III)  is  a  viscous  liquid  which  is  soluble 
in  benzene,  carbon  tetrachloride  and  dioxane,  insoluble  in  petroleum  ether.  The  dichloride  (IV)  is  a  colorless 
crystalline  substance,  readily  soluble  in  dioxane,  less  soluble  in  benzene  and  carbon  tetrachloride  and  insoluble 
in  petroleum  ether.  Dichlorides  (III)  and  (IV)  react  with  aniline,  yielding,  respectively,  the  P,P-dianilide  of  P’,P'- 
diphenyl  ester  of  imidodiphosphoric  acid  and  P,P-dianilide  of  P*,P'-diphenyl  ester  of  P’-thionoimidodiphosphoric 
acid:  (C5H50)2P0NHP0(NHC6H5)2  and  (C6H50)2PSNHP0(NHCgH5)2;  colorless  crystalline  substances  which  have 
acidic  character.  They  are  titrated  by  one  equivalent  of  alkali  in  an  alcoholic  solution. 

In  the  reaction  of  diphenyl  ester  of  trlchlorophosphazophosphoric  acid  (I)  with  water  there  is  formed,  in 
good  yield,  the  P,P-di(^enyl  ester  of  imidodiphosphoric  acid,  (C6H50)2P0NHP0 (OH)2  (V).  The  hydrolysis  with 
hot  water  requires  a  few  minutes,  v^ile  at  room  temperature  the  reaction  is  completed  in  1  day.  Substance (V)  forms 
colorless  crystals  soluble  in  alcohol  and  dioxane,  very  difficultly  soluble  in  water,  and  insoluble  in  benzene,  ether 
or  petroleum  ether.  The  extraordinary  stability  of  the  N — P  bond  in  substance  (V)  attracts  attention.  The  aryl- 
and  alkylsulfonamldophosphoric  and  acylamido phosphoric  acids,  analogous  to  it,  are  hydrolyzed  comparatively 
readily  by  water  yielding  the  corresponding  amides  [4],  while  the  diphenyl  ester  of  imidodiphosphoric  acid  is  not 
decomposed  by  being  boiled  with  water  for  5-10  min.  Aryl-  and  alkylsulfonamldophosphoric  acids  and  acylamido- 
phosphoric  acids  are  readily  soluble  in  cold  water  [4],  but  substance  (V)  is  very  difficultly  soluble  in  water.  Such 
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unusual  properties  of  the  P,P-dlphenyl  ester  of  imidodlphosphoric  acid  are  caused,  in  all  probability,  by  die  pre¬ 
sence  of  an  Intramolecular  hydrogen  bond: 

O  0 

CeHnOs^ll  (^011 
ColIsO/^^N^^'^O 

II  (V) 


As  Is  known,  the  sulfur  atom  Is  not  inclined  to  form  a  hydrogen  bond.  Therefore,  the  diphenyl  ester  of  trlchloro- 
phosphazothionophosphoric  acid  (II)  is  slowly  decomposed  in  its  reaction  with  water,  yielding  diphenyl  thlonophos- 
phoramidate  and  phosphoric  acid,  without  forming  a  sulfur  analog  of  (V). 

Diphenyl  esters  of  trlchlorophosphazophosphorlc  (I)  and  thio  no  phosphoric  (II)  acids  yield,  in  reactions  with 
sodium  aryloxldes,  the  triaryloxy  phosphazo  compounds  of  types:  (C6H50)2PON=P(OR)3  (VI)  and  (C6H50)2PSN=P(0R)3 
(VII),  which  form  colorless  crystalline  substances  of  neutral  character. 

Dichlorides  (III)  and  (IV)  react  with  alcoholates  and  phenolates  forming  tetra  esters  of  the  types:  (051150)2  • 

•  P0NHP0(0R)2  (Vin)  and  (C5H50)2PSNHP0  (OR)2  (IX).  Tetraphenyl  esters  of  types  (VIII)  and  (IX)  were  also  pre¬ 
pared  by  hydrolysis  of  diphenyl  esters  of  trlphenoxyphosphazophosphorlc  acids  of  types  (VI)  and  (VII)  according 
to  the  scheme: 

(Coll50)2PON=P(OCoM5)3  ±11!^  C6H50Na  +  H2O  -f  (CeH50)2P0NNaP0(0CeIl5)2 

For  running  this  reaction  it  is  unnecessary  to  isolate  the  appropriate  triphenoxy  phosphazo  compound  in  the 
pure  form  and  one  may  start  directly  with  the  crude  reaction  products  of  diphenyl  esters  of  trlchlorophosphazo- 
phosphoric  and  trichlorophosphazothionophosphoric  acids  with  sodium  phenoxide  (see  experimental  section). 

Di-p-nitrotetraphenyl  esters  of  types  (VIII)  and  (IX)  are  subject  to  a  very  rapid  further  hydrolysis  on  beir^ 
heated  with  alkali.  Therefore,  in  the  hydrolysis  of  diphenyl  ester  of  tri-p-nltrophenoxyphosphazophosphoric  acid 
(VI,  R  =  C6H4NO2-P)  with  caustic  alkali  it  is  Impossible  to  Isolate  the  corresponding  dinitrotetraphenyl  ester,  while 
after  a  brief  heating  with  alkali  of  the  diphenyl  ester  of  tri-p-nltrophenoxyphosphazothionophosphoric  acid  (VII, 

R  =  C5H4NC)2"P)  if  was  possible  to  isolate  the  dinitrotetraphenyl  ester  in  a  yield  of  but  12%.  The  diphenyl  esters 
of  triaryloxyphosphazophosphoric  acids  are  not  hydrolyzed  by  solutions  of  caustic  alkalies  at  room  temperature  or 
by  soda  solutions  at  the  boiling  point. 

P,P- Di-p-nitrotetraphenyl  ester  of  P'-thionoimidodiphosphoric  acid  was  prepared  in  22%  yield  from  the 
P,P-dichloride  of  P',P’-dlphenyl  ester  of  P*-thionoimldodiphosphoric  acid  (IV)  and  sodium  p-nitrophenoxlde.  From 
the  P,P-dichlorlde  of  P*,P’-dlphenyl  ester  of  imidodlphosphoric  acid  (III)  and  sodium  p-nitrophenoxide  we  could 
not  prepare  the  corresponding  tetra  ester. 

Tetraaryl  esters  of  imidodlphosphoric  and  thionolmldodlphosphoric  acids  of  types  (VIII)  and  (IX)  are  color¬ 
less  crystalline  compounds  with  acid  character.  They  are  titrated  by  one  equivalent  of  alkali  in  an  alcoholic 
solution. 

EXPERIMENTAL 

Diphenyl  ester  of  trlchlorophosphazophosphorlc  acid  (I).  A  mixture  of  0.1  mole  of  diphenyl  phosphorami- 
date  and  0.1  mole  of  phosphorus  pentachloride  was  allowed  to  stand  at  room  temperature.  Evolution  of  hydrogen 
chloride  began  soon  and  the  mixture  liquefied  gradually.  After  5-6  hrs  the  reaction  mixture  was  heated  for  30  min 
to  50-60*.  The  resulting  diphenyl  ester  of  trlchlorophosphazophosphorlc  acid  was  a  colorless  viscous  liquid;  yield: 
99.4%. 

Found  %:  Cl  27.70.  Equivalents  after  hydrolysis  4.97.  Ci2Hio03NCl3P2.  Calculated  %:  Cl  27.78.  Equiva¬ 
lents  after  hydrolysis  5.00. 


Diphenyl  ester  of  trlchlorophosphazothlonophosphorlc  acid  (II)  was  prepared  analogously  to  the  preceding 
compound.  It  was  a  colorless  viscous  liquid;  yield:  99.5%. 

fx)und  :  equivalents  after  hydrolysis  4.86.  CuHjoOjNClsPjS.  Calculated:  equivalents  after  hydrolysis 

5.00. 

Diphenyl  ester  of  trianilinophosphazophosphoric  acid.  A  mixture  of  0.01  mole  of  (I),  10  ml  of  benzene  and 
0.06  mole  of  aniline  was  refluxed  for  5  hrs.  After  cooling,  the  resultit^  precipitate  was  filtered  off  and  washed 
with  benzene  and  with  water  to  remove  aniline  hydrochloride.  The  water-insoluble  diphenyl  ester  of  trianilino¬ 
phosphazophosphoric  acid  was  recrystalllzed  from  alcohol;  colorless  plates;  yield:  76%;  m.  p.  195-197*. 

Found  %:  N  10.33.  C30H28O3N4P2.  Calculated  %:  N  10.01. 

P,P-Dichlorlde  of  P',P*-diphenyl  ester  of  imidodiphosphoric  acid  (III).  A  mixture  of  0.1  mole  of  (I)  and 
0.1  mole  of  anhydrous  formic  acid  was  heated  to  90-100",  then  to  120-125*  until  gas  evolution  ceased  (about 
1.5-2  hrs).  The  resulting  dichloride  was  a  colorless,  very  viscous  liquid;  yield:  99.5%. 

Found:  equivalents  after  hydrolysis  3.91.  C12H11O4NCI2P2.  Calculated:  equivalents  after  hydrolysis  4.00. 

P,P- Dichloride  of  P’,P ’-diphenyl  ester  of  P'-thionoimidodiphosphoric  acid  (IV).  A  mixture  of  0.1  mole  of 
(II),  0.1  mole  of  anhydrous  formic  acid  and  10  ml  of  dry  benzene  was  heated  to  30-35*  for  3  days  until  the  gas 
bubbles  ceased  to  be  formed.  20  ml  of  petroleum  ether  was  added  to  the  reaction  mixture  and  the  resulting  pre¬ 
cipitate  was  filtered  off  and  recrystalliaed  from  carbon  tetrachloride.  Yield:  30%.  Colorless  needles  with  m.  p. 
102-104*. 

Found  %:  Cl  18.73.  Equivalents  after  hydrolysis  4.06.  Ci2Hu03NCl2SP2.  Calculated  %:  Cl  18.64.  Equiva¬ 
lents  after  hydrolysis  4.00. 

P,P- Dianilide  of  P*,P*-diphenyl  ester  of  imidodiphosphoric  acid.  A  mixture  of  0.01  mole  of  (III),  10  ml  of 
benzene  and  0.04  mole  of  aniline  was  refluxed  for  5  hrs.  The  resulting  precipitate  was  filtered  off  and  washed 
with  benzene,  then  with  water  to  remove  aniline  hydrochloride.  The  water-insoluble  dlanlllde  was  recrystallized 
from  methanol.  Colorless  needles;  yield:  54%;  m.  p.  197-198*. 

Found  %:  N  9.02.  Equivalents  1.00.  C24H23O4N3P2.  Calculated  %:  N  8.77.  Equivalents  1.00. 

P,P- Dianilide  of  P*,P*- diphenyl  ester  of  P*-thionoimidodiphosphorlc  acid  was  prepared  from  substance  (IV) 
analogously  to  the  preceding  one;  yield  98%;  m.  p.  198-200*  (from  alcohol). 

Found  %:  N  8.68.  C24H23O3N3P2S.  Calculated  %:  N  8.48. 

P,P- Diphenyl  ester  of  imidodiphosphoric  acid  (V).  To  0.01  mole  of  (I)  there  was  added  5  ml  of  water  and 
the  mixture  was  left  overnight.  The  precipitated  crystals  of  (V)  were  filtered  off,  washed  with  water,  dried  in 
air,  dissolved  in  dioxane  and  precipitated  with  ether.  It  formed  a  colorless  crystalline  powder;  m.  p.  170-172*; 
yield:  83%. 

Found  %:  N  4.43.  Equivalents  2.09.  M  (in  dioxane)  340,  348.  Ci2HisOeNP2.  Calculated  %:  N  4.25. 
Equivalents  2.00.  M  329. 

Diphenyl  ester  of  triphenoxyphosphazophosphoric  acid  (VI,  R  =  CgHg).  To  a  solution  of  0.02  mole  of  (I) 
in  25  ml  of  benzene  there  was  added  in  one  portion  with  energetic  stirring  0.06  mole  of  sodium  phenoxide.  The 
mixture  warmed  up  rather  considerably  owing  to  the  heat  of  reaction  and  the  sodium  phenoxide  passed  into  solu¬ 
tion  while  a  slimy  precipitate  of  sodium  chloride  formed.  After  the  heat  evolution  had  ceased,  the  mixture  was 
refluxed  for  1  hr.  After  cooling,  the  sodium  chloride  was  washed  off  with  water,  the  benzene  layer  was  separated, 
benzene  was  removed  from  it  on  a  water  bath  and  the  residual  oil  was  triturated  with  water  until  it  crystallized. 
The  crystalline  product  was  filtered  off,  dried  in  air  and  recrystalllzed  from  a  mixture  of  benzene  and  petroleum 
ether.  Yield:  76%;  needles  with  m.  p.  72-74*. 

Found  %:  N  2.56.  C30H2SO6NP2.  Calculated  %:  N  2.51. 

Diphenyl  ester  of  triphenoxyphosphazothionophosphoric  acid  (VII,  R  =  CgHg)  was  prepared  analogously  to 
the  preceding  one.  The  crude  specimen  was  washed  wifii  methanol  and  recrystalllzed  from  methanol.  Prisms 
with  m.  p.  96-98*.  Yield:  69%. 
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Found  %:  N  2.62.  C30H25O5NSP2.  Calculated  N  2.44. 

Diphenyl  ester  of  trl-p-nltrophenoxyphosp^azophosphoric  acid  (VI,  R  =  CsH^NOg-p).  A  mixture  of  0.01 
mole  of  (I),  0.03  moles  of  anhydrous  sodium  p-nitrophenoxide  and  15  ml  of  dioxane  was  refluxed  until  the  nitro- 
phcnoxide  color  faded  out  (about  2  hrs),  after  which  it  was  poured  into  water.  The  resulting  oil  crystallized  rapidly 
and  the  crystals  were  filtered  off,  washed  with  methanol  and  recrystallized  from  benzene.  Yield:  78%.  M.  p.  132- 
134'. 


Found  %:  N  8.30.  C3oH220i2N4P2.  Calculated  %:  N  8.09. 

Diphenyl  ester  of  tri-p-nltrophenoxyphosphazothlonophosphorlc  acid  (VII,  R  =  C6l^N02-p)  was  prepared 
analogously  to  the  preceding  compound.  Yield:  70%.  M.  p.  154-156';  prisms  from  benzene. 

Found  %:  N  7.90.  C30H22O11N4SP2.  Calculated  %:  N  7.90. 

Diphenyl  ester  of  trl-p-chlorophenoxyphosphazothlonophosphoric  acid  (VII,  R  =  C6H4CI-P).  0.06  g-mole  of 
p-chlorophenol  was  added  to  a  solution  of  sodium  methoxlde  prepared  from  0.06  g-atom  of  sodium  and  20  ml  of 
methanol.  The  methanol  was  distilled  in  vacuo  and  to  the  solid  phenoxlde  was  added  25  ml  of  benzene  and  0.02 
mole  of  (I).  The  mixture  was  heated  to  boiling  for  1.5  hrs,  the  precipitated  sodium  chloride  was  washed  away 
with  water,  the  benzene  layer  was  separated,  the  benzene  was  distilled  from  It  and  the  residual  oil  was  triturated 
with  methanol,  after  which  It  crystallized.  The  crystals  were  filtered  off  and  recrystallized  from  methanol.  Prisms 
with  m.  p.  69-71'.  Yield:  36%. 

Found  %:  Cl  15.79.  C30H22O5NCI3P2.  Calculated  %:  Cl  15.74. 

P,P- Dimethyl  P',P*-dlphenyl  ester  of  Imldodiphosphorlc  acid  (VIII,  R  =  CH3).  A  solution  of  0.06  mole  of 
sodium  methoxlde  In  20  ml  of  methanol  was  slowly  added  with  stirring  and  cooling  with  Ice  water  to  a  solution 
of  0.02  mole  of  (III)  in  25  ml  of  benzene.  The  solvents  were  distilled  off  in  vacuo  on  a  water  bath  and  the 
slrupy  residue  (a  mixture  of  sodium  chloride  and  the  sodium  salt  of  the  tetra  ester)  was  dissolved  in  10  ml  of  water. 
The  solution  was  acidified  with  hydrochloric  acid  and  the  precipitated  oil  (free  tetra  ester)  was  extracted  with 
chloroform;  chloroform  was  distilled  off,  die  oily  residue  was  dissolved  in  methanol,  the  solution  was  boiled  with 
activated  charcoal,  filtered  and  the  methanol  was  distilled  off  In  vacuo.  The  residue  was  the  tetra  ester  in  the 
form  of  a  viscous  slightly  yellowish  oil;  yield:  90%. 

Found  %:  N  3.90.  Equivalents  1.00.  C14H17O6NP2.  Calculated  %;  N  3.90.  Equivalents  1.00. 

P,P- Diethyl  P*,P*-dlphenyl  ester  of  lmldodlphosphorlcacld(VIII  =  C6Hs)  was  prepared  just  like  the  preceding 
compound  but,  after  the  acidification  of  the  aqueous  solution  of  the  salt,  the  free  tetra  ester  was  extracted  with 
ether.  The  further  work-up  was  as  above.  The  tetra  ester  was  a  slightly  yellowish  viscous  oil.  Yield:  93%. 

Found  %:  N  3.63.  Equivalents  1.00.  Ci6H2i06NP2.  Calculated  %:  N  3.64.  Equivalents  1.00. 

Tetraphenyl  ester  of  Imidodlphosphoric  acid  (VIII,  R  =  CfiHg).  A.  From  P,P-dichloride  of  P*,P*-diphenyl 
ester  of  imidodlphosphoric  acid.  To  a  mixture  of  0.06  mole  of  sodium  phenoxide  and  25  ml  of  benzene  there 
was  added,  with  energetic  stirring,  a  solution  of  0.02  mole  (III)  in  10  ml  of  benzene.  After  the  vigorous  reaction 
had  been  completed,  the  mixture  was  refluxed  for  1  hr,  after  which  benzene  was  distilled  off  in  vacuo;  the  resi¬ 
due  was  treated  with  25  ml  of  water  and  with  enough  hydrochloric  acid  to  give  an  acid  test  with  Congo  red.  The 
precipitated  oil  was  separated  from  the  aqueous  layer  by  decantation  and  was  rubbed  with  50%  methanol.  The 
resulting  crystalline  precipitate  was  filtered  off  and  recrystallized  from  a  mixture  of  benzene  and  petroleum  ether. 
Yield:  13%.  Needles,  m.  p.  110-112'. 

Found  %:  N  3.11.  Equivalents  1.01.  C24H2i06NP2.  Calculated  %:  N  2.91.  Equivalents  1.00. 

B)  From  diphenyl  ester  of  trichlorophosphazophosphorlc  acid.  A  solution  of  0.02  mole  of  (I)  in  10  ml  of 
benzene  was  added  to  a  suspension  of  sodium  phenoxide  In  25  ml  of  benzene.  The  reaction  proceeded  with  heat 
evolution.  After  the  heat  evolution  had  ceased,  the  mixture  was  refluxed  for  1  hr,  after  which  It  was  washed  with 
water,  the  benzene  layer  was  separated  and  the  benzene  was  distilled  in  vacuo.  To  the  residue  there  was  added 
20  ml  of  metlianol  and  20  ml  of  N  solution  of  sodium  hydroxide.  The  mixture  was  refluxed  for  30  min,  poured 
Into  water  and  acidified.  The  tetraphenyl  ester  of  Imidodlphosphoric  acid,  which  precipitated  as  an  oil,  crystal¬ 
lized  rapidly.  The  crystals  were  filtered  off,  treated  with  a  small  volume  of  methanol  to  remove  the  colored  Im¬ 
purities  and  recrystallized  from  a  mixture  of  benzene  and  petroleum  ether.  Yield:  57%.  The  tetra  ester  melted 
at  110-112*  and  gave  no  depression  in  mixed  melting  point  with  die  substance  prepared  in  the  preceding  experiment. 
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P,P- Dimethyl  P*,P*-diphenyl  ester  of  P’-thtonoimidodiphosphorlc  add  (IX,  R  =  CH3).  To  a  mixture  of  0.02 
mole  of  (IV)  and  20  ml  of  benzene  there  was  added,  wl^  Ice  water  cooling  and  energetic  stirring,  a  solution 
ofO.or  mole  of  sodium  metlioxide  in  20  ml  of  methanol,  the  addition  being  made  gradually.  The  solvents 
were  distilled  in  vacuo,  the  residual  thick  sirup  was  dissolved  in  water  and  the  solution  was  acidified.  An  oil 
precipitated  and  soon  crystallized.  The  crystals  were  filtered  off  and  recrystallized  from  a  mixture  of  benzene 
and  petroleum  ether.  Prisms  with  m.  p.  115-117®.  Yield:  90%. 

Found  %:  N  3.84.  Equivalents  1.00.  C14H17O5NSP2.  Calculated  %:  N  3.72.  Equivalents  1.00. 

P,P- Diethyl  P*,P'-diphenyl  ester  of  P*-thionoimidodiphosphoric  acid  (IX,  R  =  CeHg)  was  prepared  analogously 
to  the  preceding  compound.  Yield:  81%.  M.  p.  67-69®  (from  a  mixture  of  carbon  tetrachloride  and  petroleum 
ether). 

Found  %:  N  3.38.  Equivalents  1.01.  Ci6H2i05NSP2.  Calculated  %:  N  3.49.  Equivalents  1.00. 

Tetraphenyl  ester  of  thionoimidodiphosphoric  acid  (IX,  R  =  Cel^).  A.  From  P,P-dichloride  of  P',P*- diphenyl 
ester  of  P*-thionoimidodiphosphoric  acid.  The  tetra  ester  was  prepared  analogously  to  the  tetrafhenyl  ester  of 
imidodiphosphoric  acid  (method  A).  Yield:  87%.  M.  p.  100-102®  (from  a  mixture  of  benzene  and  petroleum 
ether). 

Found  %:  N  3.02.  Equivalents  1.00.  C24H21O5NSP2.  Calculated  %:  N  2.82.  Equivalents  1.00. 

B.  From  diphenyl  ester  of  trichlorophosphazothionophosphoric  acid.  The  tetra  ester  was  prepared  analo¬ 
gously  to  the  tetraphenyl  ester  of  Imidodiphosphoric  acid  (method  B).  Yield:  53%.  M.  p.  100-102®  (from  a  mix¬ 
ture  of  benzene  and  petroleum  ether).  The  product  did  not  give  a  depression  in  mixed  melting  point  with  the 
substance  prepared  by  method  A. 

P,P- Diphenyl  P*,P'-di-p-chlorophenyl  ester  of  P-thionoimidodiphosphoric  acid  (IX,  R  =  p-ClCeH^).  To  a 
solution  of  0.03  mole  of  sodium  methoxide  in  20  ml  of  meAanol  there  was  added  0.03  mole  of  p-chlorophenol, 
the  methanol  was  distilled  in  vacuo  and  to  the  dry  sodium  p-chlorophenoxide  there  was  added  the  solution  of  0.01 
mole  of  (II)  in  20  ml  of  benzene.  The  mixture  was  refluxed  for  2  hrs,  washed  with  water,  the  benzene  layer 
was  separated  and  benzene  was  distilled  in  vacuo.  To  the  residue  there  was  added  20  ml  of  N  solution  of  sodium 
hydroxide  in  methanol.  The  mixture  was  refluxed  for  1  hr,  poured  into  water  and  acidified.  The  separated  oil 
was  removed  from  water  by  decantation  and  was  treated  with  a  small  volume  of  methanol,  after  which  it  crystal¬ 
lized.  The  crystals  were  filtered  off  and  recrystallized  from  alcohol.  Needles,  m.  p.  144-146®.  Yield:  34%. 

Found  %:  Cl  12.45.  Equivalents  1.00.  C24H19O5NCI2P2S.  Calculated  %:  Cl  12.54.  Equivalents  1.00. 

P,P-Di-p-nitrotetraphenyl  ester  of  P*-thionoimidodiphos[^oric  acid  (IX,  R  =  C6H4NO2-P).  A.  From  diphenyl 
ester  of  tri-p-nitrophenoxyphosphazothionophosphoric  acid.  A  mixture  of  0.02  mole  of  the  ester  and  20  ml  of 
2  N  solution  of  sodium  hydroxide  in  metlianol  was  refluxed  for  10  min.  The  resulting  yellow  homogeneous  solu¬ 
tion  was  poured  into  water  and  acidified.  The  resulting  oil  was  separated  from  water  by  decantation  and  was 
triturated  with  methanol.  The  crystalline  precipitate  was  filtered  off  and  recrystallized  from  alcohol.  Yield: 

12%.  M.  p.  174-76®. 

Found  %:  N  7.12.  C24H19O9N3SP2.  Calculated  %;  N  7.15. 

B.  From  P,P-dichloride  of  P*,P'-diphenyl  ester  of  P*-thionoimidodiphosphoric  acid.  A  mixture  of  0.01  mole 
mole  of  (IV),  15  ml  of  dioxane  and  0.03  mole  of  anhydrous  sodium  p-nitrophenoxide  was  refluxed  until  the 
p-nitrofrfienoxlde  had  disappeared,  after  which  it  was  poured  into  water  and  acidified.  The  resulting  oil  was  se¬ 
parated  from  water  by  decantation  and  was  treated  with  a  small  volume  of  methanol.  The  resulting  crystalline 
precipitate  was  washed  and  recrystallized  from  alcohol.  The  purified  product  melted  at  174-176®  and  did  not 
give  a  depression  in  mixed  melting  point  with  the  substance  prepared  by  method  A. 

> 

SUMMARY 

1.  It  was  shown  that  diphenyl  phosphoramidate  and  diphenyl  thionophosphoramidate  react  with  phosfrfiorus 
pentachlorlde,  forming  trlchlorophosphazo  compounds  thereby. 

2.  The  hydrolysis  of  the  trlchlorophosphazo  compounds,  their  reactions  with  aniline,  alcoholates  and  phen- 
oxides  were  studied. 
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DIRECT  AZO  DYES  -  DERIVATIVES  OF 


1.8-NAPHTHOYLENE-l’,2’-BENZI  MIDAZOLE 

B.  M.  Krasov Itskil ,  R.  M.  Matskevlch,  N.  A.  Radochlna, 
and  K.  P.  Riazanova 


The  positive  effect  which  Is  directed  to  the  substantlvlty  of  dyes  by  the  presence  of  the  Imidazole  ring  In 
their  molecules  had  been  noted  a  long  time  ago  [1-3].  In  continuation  of  these  studies,  B.  A.  Poral-Koshlts  and 
Ch.  Frankovskll  recently  prepared  somedlsazo  dyes  —  derivatives  of  benzimidazole,  which  are  well  fixed  by  the 
cotton  fiber  [4].  Some  years  ago  we  had  prepared  some  monoazo  dyes  from  l,8-naphthoylene-4'-amlno-l’,2*- 
benzimldazole  (I)  and  l,8-naphthoylene-5’-amino-l*,2’-benzlmldazole  (II);  these  azo  dyes  were  tested  as  acid 
dyes  [5], 
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The  goal  of  the  present  study  Is  the  synthesis  of  monoazo  dyes  which  are  Isomeric  with  the  previously  prepared 
dyes  (I)  and  (II),  with  the  azo  group  being  In  the  naphthalene  nucleus  of  the  structure  of  naphthoylenebenzlmida- 
zole,  and  ofdlsazo  dyes  which  contain  azo  groups  both  In  the  benzene  and  the  naphthalene  nuclei  of  this  structure. 

We  used  4-nltronaphthallc  anhydride,  as  the  starting  material  for  the  preparation  of  die  monoazo  dyes;  the 
substance  was  converted,  by  condensation  with  o-phenylenedlamlne,  into  the  corresponding  nltro  derivative  of 
l,8-naphthoylene-l’,2'-benzimidazole;  the  latter  was  reduced  to  the  amine,  which  then  served  as  die  azo  com¬ 
ponent  for  the  azo  dyes.  In  the  reaction  of  4-nitronaphthalic  anhydride  with  o-phenylenedlamine  there  Is  possible 
die  formation  of  two  isomeric  products  (III)  and  (IV). 
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A  chromatographic  examination  of  the  monoazo  dyes  prepared  by  us  showed  their  homogeneity,  which  fact  evi¬ 
dently  testifies  diat  the  reaction  of  4-nlttona(fothalic  anhydride  with  o-phenylenedlamine  yields  but  one  product. 
The  studies  carried  out  by  us  at  an  earlier  date  [5,  6]  permitted  us  to  express  some  considerations  about  the  me¬ 
chanism  of  the  process  of  formation  of  1,8-naphthoylene-l ’,2 '-benzimidazole  from  naphthallc  anhydride  and  aro¬ 
matic  o-dlamlnes  [6].  Our  experimental  data  agree  very  well  with  the  supposition  that  during  the  reaction  of 
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naphthallc  anhydride  with  o-diamines  the  formation  of  the  imidazole  ring  takes  place  before  that  of  the  Imide 
ring. 
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On  the  basis  of  studies  [7]  it  is  possible  to  consider  that  in  the  first  stage  of  this  process  there  Is  formed  the 
monoacyl  derivative  of  the  o-diamine.  Then,  commencing  with  the  suppositions  developed  by  B.  A.  Pbral-Koshlts 
[8],  it  is  possible  to  suppose  that  this  monoacyl  derivative  suffers  the  following  changes:  as  the  result  of  Intrusion 
of  the  unshared  electron  pair  of  nitrogen  of  the  amino  group  into  the  electron  deficiency  at  the  carbon  atom  of 
the  carbonyl  group,  there  is  formed  the  addition  product  which  after  an  Intramolecular  rearrangement  and  loss  of 
a  molecule  of  water  is  transformed  into  the  derivative  of  naphthalenemonocarboxylic  acid  containing  the  imida¬ 
zole  ring;  this  substance,  in  turn,  by  losing  a  molecule  of  water  Is  transformed  into  l,8-naphthoylene-l',2*-benzi- 
midazole. 
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By  using  this  scheme  for  the  consideration  of  the  reaction  between  4-nitronaphthalic  anhydride  and  o-jrfienyl- 
enediamine,  we  may  make  a  supposition  about  the  structure  of  the  product  that  is  formed  thereby.  In  the  mole¬ 
cule  of  4-nitronaphthalic. anhydride  one  of  the  carbonyl  groups  is  bound  with  the  nitro  group  by  a  shorter  chain  of 
conjugated  double  bonds  than  the  other  carbonyl  group.  Electronic  deficiency  at  the  carbon  atom  of  this  carbonyl 
group  should  be  greater,  owing  to  the  electron-acceptor  action  of  the  nitro  group,  than  that  at  the  carbon  atom  of 
the  other  carbonyl;  therefore,  one  may  expect  the  formation  of  a  nitro  product  having  the  structure  (III).  In  this 
case,  the  dyes  formed  from  this  nitro  compound  should  have  the  structure  (V).  These  monoazo  dyes  have  consider¬ 
able  substantivity  to  cotton,  but  are  relatively  poorly  soluble  in  water  and  yield  uneven  color  on  the  cloth. 
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More  Interesting  were  the  disazodyes  prepared  by  us.  For  their  preparation  we  Introduced  4-nltronaphthallc 
anhydride  Into  a  reaction  with  l,2-diamlno-4-nltrobenzene  and  the  resulting  product  was  reduced  to  the  diamine 
necessary  for  the  preparation  of  the  dyes.  In  the  preparation  of  the  dlnitro  compound,  the  formation  of  four  iso¬ 
mers  (VI-IX)  Is  theoretically  possible. 
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The  above  considerations  about  the  structure  of  monoazo  dyes  testify  to  the  fact  that  the  formation  of  Isomers 
(VIII)  and  (IX)  is  less  probable,  A  chromatographic  examination  of  die  disazodyes  prepared  by  us  showed  their 
homogeneity.  Consequently,  evidently  only  one  of  the  possible  isomers  is  formed.  Since,  In  the  reaction  of 

4-nltronaphthalic  anhydride  with  1,2-dlamlno -4- nitro¬ 
benzene,  the  amino  group  of  the  diamine  which  has  the 
more  basic  character  should  react  first,  one  may  assign 
to  the  product  of  condensation  the  structure  shown  as 
(VI),  while  the  dyes  formed  from  it  may  be  given  the 
structure  of  (X). 
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(X)  The  disazodyes  (the  azo  components  were  H-  and 

Chicago  SS  acids;  the  coupling  was  run  In  basic  medium) 
were  readily  soluble  in  water  and  had  high  order  of  substantivity  to  cotton.  These  dyes  have  deeper  pigmentation 
in  aqueous  solutions  than  the  monoazo  dyes  for  which  we  had  given  the  structure  of  (V).  Thus,  for  example,  disazo 
dyes  with  the  azo  component  of  H-acid  has  the  absorption  maximum  at  560  mp  ,  while  the  corresponding  mono¬ 
azo  dye  has  one  at  600  mp  . 


EXPERIMENTAL 

4 (5 ?)-Nitro-l,8-naplithoylene-l ',2 ’-benzimidazole.  A  mixture  of  4-nltronaphlhallc  anhydride  (5  g)  and 
o-phenylenedlamlne  (3  g)  was  suspended  in  glacial  acetic  acid  and  heated  at  reflux  on  a  sand  bath.  During  the 
first  10  min  of  refluxing  ^ere  precipitated  a  dense  yellow  precipitate,  which  failed  to  change  after  3  hrs  of  heat¬ 
ing.  The  resulting  precipitate  was  filtered  off  and  boiled  with  dilute  hydrochloric  acid,  followed  by  water,  5*70 
solution  of  sodium  carbonate  and  again  water,  for  freeing  it  from  admixtures  of  the  starting  materials.  The  yield 
was  4.4  g  (69^). 

Found  N  13.42,  13.28.  CuHjOjNj.  Calculated  N  13.33. 

The  resulting  substance  was  a  yellow  powder  which  did  not  have  a  sharp  melting  point  but  which  shrank  and 
darkened  at  250-25T;  it  was  soluble  in  the  cold  in  concentrated  sulfuric  acid,  and  in  hot  benzene  and  methyl 
alcohol. 
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4(5?)-Amtno-l,8-naphthoylene-l  ',2*-benzlmldazole.  4  g  of  the  nitro  compound  was  suspended  in  25  ml 
of  pyridine,  heated  to  boiling,  and  treated  dropwise  with  25  ml  of  N  solution  of  sodium  polysulfide  in  pyridine, 
the  mixture  being  heated  for  15  min  and  then  poured  into  water;  a  red-violet  precipitate  formed,  which  was 
filtered  off,  washed  with  water  and  dried.  The  yield  was  1.8  g  (50°Jo). 

Found  %:  N  14.40.  C18HUON3.  Calculated  %:  N  14.74. 

The  substance  was  a  red-violet  powder  which  did  not  melt  at  300”;  it  was  readily  soluble  in  cold  concen¬ 
trated  sulfuric  acid,  glacial  acetic  acid  and  methyl  alcohol. 

Condensation  of  4-nitronaphthalic  anhydride  with  l,2-diamino-4-nitrobenzene.  A  well  triturated  mixture 
of  6  g  of  4-nitronaphthalic  anhydride  and  3.6  g  of  l,2-dlamine-4-nitrobenzene  was  heated  for  1  hr  on  an  oil  bath, 
preheated  to  185°.  The  mixture  darkened  at  first,  then  began  to  melt.  After  being  cooled,  the  reaction  product 
was  washed  free  of  the  starting  materials  by  repeated  boiling  with  dilute  hydrochloric  acid,  then  with  solution 
of  sodium  carbonate.  The  yield  was  7.8  g  (8870). 

Found  <7o:  N  15.43,  15.46.  C18H8O5N4.  Calculated  %:  N  15.55. 

The  product  was  a  yellow  powder  with  m.  p.  261°  (after  reprecipitation  with  water  from  a  pyridine  solution), 
which  was  readily  soluble  in  pyridine  and  in  hot  methyl  alcdiol  and  glacial  acetic  acid. 

Reduction  of  dinitro  compound.  2  g  of  the  dlnltro  compound  in  40  ml  of  methyl  alcohol  was  heated  on  a 
water  bath  to  boiling  under  a  reflux  condenser,  treated  with  20  ml  of  water  and  under  continued  refluxing  was 
gradually  treated  with  10  g  of  sodium  hydrosulfite.  The  nitro  compound  went  into  solution  during  the  addition 
of  the  hydrosulfite  and  the  solution  gradually  changed  its  color  from  yellow  to  dark  red.  After  the  addition  of  the 
entire  amount  of  the  hydrosulfite,  the  refluxing  was  continued  for  1  hr  longer,  after  which  the  solution  was  filtered 
and  the  filtrate  was  evaporated  nearly  to  dryness.  After  addition  of  concentrated  hydrochloric  acid  there  formed 
a  precipitate  of  bright  red  crystals  of  the  hydrochloride  of  the  amine.  The  free  base  was  liberated  by  file  addition 
of  ammonium  hydroxide  to  the  aqueous  solution  of  the  hydrochloride.  The  resulting  amine  was  a  dark  brown  pow¬ 
der  with  m.  p.  360°,  which  was  soluble  in  acetic  acid,  alcohol  and  dilute  hydrochloric  acid.  The  presence  of  the 
1,8-naphthoylene-l ’,2 '-benzimidazole  grouping  and  the  two  amino  groups  in  the  resulting  product  was  confirmed 
by  deamination  and  the  synthesis  of  the  dibenzoyl  derivative. 

The  deamination  was  run  as  follows:  0.2  g  of  the  amine  was  dissolved  in  dilute  hydrochloric  acid  and,  after 
cooling  file  solution  to  0°,  there  was  added  to  it  the  calculated  amount  of  sodium  nitrite,  after  which  there  was 
added  2  g  of  potassium  hypophosphlte  (KH2PO2)  with  good  stirring.  The  mixture  was  set  aside  for  one  day,  after 
which  the  resulting  precipitate  was  filtered  off  and  washed  with  3%  solution  of  alkali  and  water,  fcdlowlng  which 
it  was  recrystallized  from  glacial  acetic  acid.  The  resulting  product  melted  at  188°,  which  conesponded  to  the 
melting  point  of  1,8-naphthoylene-l ’,2 ’-benzimidazole  [7]. 

The  dibenzoyl  derivative  of  the  diamine,  prepared  by  us  by  the  Schotten-Baumann  method,  was  a  substance 
with  red  color  and  m.  p.  238-239°;  it  was  soluble  in  hot  alcohol,  acetic  acid  and  pyridine,  and  insoluble  in  water. 

Found  N  10.82,  10.95.  C32H20O3N4.  Calculated  '7o:  N  11.02. 

Mono-  and  disazo dyes  —  derivatives  of  1,8-naphthoylene-l  *,2*-benzimidazole.  Since  4(5  ?)-amino-l,8- 
naphthoylene-1 ’,2'-benzimidazole  is  insoluble  in  dilute  hydrochloric  acid,  we  diazotized  it  by  means  of  nitrosyl 
sulfuric  acid:  the  sample  of  the  amine  was  dissolved  in  excess  concentrated  sulfuric  acid  and  to  this  solution  there 
was  added  file  calculated  amount  of  dry  sodium  nitrite.  The  mixture  was  stirred  well  until  the  complete  dissolu¬ 
tion  of  sodium  nitrite  had  taken  place  after  which  the  solution  was  poured  on  ice.  The  diamino  derivative  of 
1,8-naphthoylene-l ’,2 '-benzimidazole  was  diazotized  in  the  conventional  manner  by  addition  of  the  calculated 
amount  of  sodium  nitrite  to  the  hydrochloric  acid  solution  of  the  amine.  The  coupling  of  the  diazo  compounds 
with  H-  and  Chicago  SS- acids  was  performed  in  an  alkaline  medium,  which  was  maintained  by  addition  of  sodium 
carbonate.  The  dyes  were  purified  by  the  acetate  method  [9] and  by  chromatography  on  aluminum  oxide.  The 
absorption  maxima  of  the  aqueous  solutions  of  the  dyes  were  determined  with  the  model  SF-2  m  spectrophotometer. 

SUMMARY 

There  were  prepared  the  direct  mono-  and  disazo  dyes  —  derivatives  of  1,8-naphthoylene-l  *,2 '-benzimida¬ 
zole;  a  supposition  was  expressed  concerning  the  structure  of  these  dyes. 
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REPLACEMENT  OF  HALOGEN  IN  AZO  COMPOUNDS 
III.  PREPARATION  OF  DERIVATIVES  OF  o-ARYLALKOXYANILINES 

B.  I.  Stepanov  and  M.  A.  Andreeva 


The  replacement  of  the  chlorine  atom  In  2-chlorophenylazo-2'-naphthol  for  arylalkoxy  groups  Is  accom¬ 
plished  with  great  ease  under  conditions  which  are  close  to  those  for  the  replacement  of  chlorine  by  an  alkoxy 

group  [1]~  in  the  reaction  with  the  alcoholate  in  an  excess  of  the  corresponding  alcohol 
in  the  presence  of  a  copper  salt  at  temperature  about  100*.  In  this  manner  there  were 
prepared  the  products  of  replacement  of  chlorine  by  phenylmethoxy  group  —  by  reaction 
with  sodium  benzyloxide,  by  3 -phenylethoxy  group  —  by  reaction  with  sodium  S-phenyl- 
ethoxide,  and  by  y -phenylpropoxy  group  — by  reaction  with  sodium  y -phenylpropoxide. 
The  resultir^  arylalkoxy  substituted  dyes  were  capable  of  dyeing  the  acetate  and  the 
polyamide  fibers.  The  corresponding  o-arylalkoxyanilines  were  prepared  by  reductive 
cleavage  of  the  indicated  dyes. 

EXPERIMENTAL 

Replacement  of  chlorine  by  phenylmethoxy-,  8 -phenylethoxy,  and  y -phenylpropoxy  groups.  8  g  of  the 
azo  dye  from  2- ch  loro  aniline  and  2-naphthol  (m.  p.  167®),  triturated  wiA  4  g  of  copper  sulfate  and  5  ml  of  water, 
was  introduced  into  the  solution  of  sodium  alcoholate  prepared  by  the  reaction  of  2  g  of  metallic  sodium  with 
40  mi  of  die  appropriate  alcohol  (benzyl  —  b.  p.  204-206®;  8 -phenylethyi  —  b.  p.  219-221®  at  750  mm,  y -phenyl- 
propyl  —  b.  p.  235-237®).  The  mixture  was  heated  under  a  reflux  condenser  for  8  hrs  at  100-103®,  after  which  it 
was  diluted  with  2-3  volumes  of  methyl  alcohol.  The  resulting  precipitate  was  filtered  off,  boiled  with  100  ml 
of  concentrated  hydrochloric  acid,  refiltered  after  dilution  with  water,  washed  free  of  chloride  ions  and  dried  in 
air.  The  test  for  halogen  was  negative. 

There  was  obtained  8.65  g  (86. 3%)  of  the  phenylmethoxy  substituted  dye  (I).  After  recrystallization  from 
glacial  acetic  acid  it  formed  bundles  of  small  sharp  needles,  m.  p.  152-153®  (see  [2]).  The  dye  was  soluble  in 
benzene,  toluene,  chloroform,  chlorobenzene  and  glacial  acetic  acid,  poorly  soluble  in  methyl  and  ethyl  alcohols, 
and  insoluble  in  water. 

There  was  obtained  9.45  g  of  phenylethoxy  substituted  dye  (II).  After  recrystallization  from  glacial  acetic 
acid  it  formed  narrow  flat  needles,  m.  p.  161®.  The  dye  was  soluble  in  benzene,  toluene,  chloroform,  and  glacial 
acetic  acid,  poorly  soluble  in  methyl  and  ethyl  alcohols,  and  insoluble  in  water. 

There  was  obtained  7.5  g  (69.3*70)  of  the  phenylpropoxy  substituted  dye  (III).  After  recrystallization  from 
80<7o  acetic  acid,  followed  by  ethyl  alcohol,  it  formed  bundles  of  plates  with  oval  shape;  m.  p.  136.5-137®.  The 
dye  was  soluble  in  benzene,  toluene,  and  glacial  acetic  acid;  it  was  less  soluble  in  dilute  acetic  acid  and  in 
methyl  and  ethyl  alcohols,  and  Insoluble  in  water. 

Preparation  of  2-(8 -phenylethoxy)-  and  2-(y -phenylpropoxy)-anilines.*  1  g  of  the  appropriate  arylalkoxy 
substituted  dye  and  25  ml  of  water  were  added  to  the  solution  of  stannous  chloride  (prepared  from  2  g  of  metallic 
tin  and  25  ml  of  concentrated  hydrochloric  acid)  and  the  mixture  was  refluxed  until  it  became  colorless.  The 


•  With  participation  by  V.  S.  Zenkevich. 
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Sub¬ 

stance 

Found  (in  %)  i 

1 

Empirical 

formula 

Calculated  (in  %)  j 

t; 

1 

II  1 

N 

c 

II 

N 

(I) 

77.82,  77.62 

5.00,  5.20 

8.11.  8.02 

(^23 1 1  2 

77.97 

5.09 

7.91 

(II) 

78.04,  78.13 

5.42,  5.59 

7.75 

(^211*20(12^2 

78.26 

5.43 

7.61 

8.38,  78.30 

5.91,  .5.72 

7.50 

G25lIo.)(l‘>N.) 

78.53 

5.76 

7.33 

(IV)  1 

67.30,  67.17 

6.27,  6.52 

5.50,  5.75 

ChHioONCI 

67.33 

6.41 

5.61 

(V)  1 

79.92,  80.02 

6.18,  6.05 

4.66 

C.21  Uh)02N 

79.49 

5.99 

4.41 

(VI) 

68.24,  68.lt 

6.91,  6.71 

5..33.  5.46 

(m.-.H,hONCI 

68.31 

6.83 

5.31 

(VFI) 

79.35,  79.56 

6.27,  6.45 

4.47 

C*>2  H21O2N 

79.76 

6.34 

4.23 

precipitate,  which  formed  on  cooling  and  standing  for  one  day,  was  filtered  off  and  treated  with  25  ml  of  5%  solu¬ 
tion  of  sodium  hydroxide  with  addition  of  0.3  g  of  sodium  hydrosulfite,  after  which  the  2-arylalkoxyanillne  was 
extracted  with  ether.  After  treatment  of  the  ethereal  layer  with  3  ml  of  concentrated  hydrochloric  acid  there 
formed  a  precipitate  of  the  hydrochloride  of  the  amine,  which  was  filtered  off,  dried  in  air  and  recrystallized  from 
dilute  methyl  alcohol.  For  the  preparation  of  the  N-benzoyl  derivative,  0.1  g  of  the  amine  hydrochloride  was 
treated  widi  1  ml  of  20%  solution  of  sodium  hydroxide  and  0.5  ml  of  benzoyl  chloride,  after  which  the  mass  was 
diluted  with  water,  the  precipitate  was  filtered  off,  washed,  dried  in  air  and  recrystallized  from  methyl  alcohol. 

2-(0-Phenylethoxy)  aniline  hydrochloride  (IV)  —  neeldes,  m.  p.  181.5-182’. 

N-Benzoyl  derivative  of  2-(0 -phenylethoxy)  aniline  (V)—  flat  rhomboids,  m.  p.  110.5-111’  (according  to 
literature  data  [3]:  m.  p.  113-114’,  from  ligroine). 

2-(y-rtienylpropoxy) aniline  hydrochloride  (VI)—  large  flat  needles,  m.  p.  162.5-163’. 

N-Benzoyl  derivative  of  2-(y-phenylpropoxy) aniline  (VII)  —  bundles  of  small  needles,  m.  p.  87-87.5’. 

The  analytical  data  of  the  compounds  prepared  by  us  are  given  in  the  table. 

SUMMARY 

1.  By  the  reaction  of  sodium  alcoholates  with  tire  azo  dye  from  2-chloroaniline  and  2-nafrfithol  in  the 
presence  of  a  copper  salt,  the  chlorine  atom  in  the  dye  was  replaced  by  phenylm ethoxy-,  3 -phenylethoxy-  and 
y- phenyl  pro  poxy  groups. 

2.  2-(0 -Phenylethoxy)-  and  2-(y -phenylpropoxy) anilines  were  prepared  by  reductive  cleavage  of  the  aryl- 
alkoxy  substituted  dyes. 
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ANOMALOUS  REACTION  OF  PHOSPHITES  WITH  a-HALO  KETONES 


VIII.  REACTIONS  OF  MIXED  PHOSPHITES  WITH  CHLORO-  AND  DICHLOROACETONES 

A.  N,  Pudovik  and  E.  G.  Chebotareva 


It  was  shown  by  us  in  previous  publications  tliat  a-halo  substituted  ketones  react  with  complete  esters  of 
phosphorous  acid  botli  according  to  the  scheme  of  the  Arbuzov  rearrangement,  forming  esters  of  keto  phosphonlc 
acids,  and  according  to  tlie  anomalous  reaction  route  with  formation  of  unsaturated  esters  of  [iiosphoric  acid  [1]. 
Both  these  reactions  proceed  independently  of  each  other;  the  ratio  of  their  rates  depends  on  the  temperature  at 
which  die  experiment  is  performed,  the  nature  of  the  halogen  and  its  position  in  tire  ketone  molecule  [2].  Lowering 
of  the  experimental  temperature,  change  from  tlie  iodo-  to  bronio-  and  chloroketones,  from  primary  to  secondary 
and  tertiary  positions  of  the  halogen  in  the  molecule  of  tire  halo  ketone,  all  favor  the  progress  of  the  anomalous 
reaction.  With  tlie  presence  of  more  tlian  one  chlorine  atom  in  the  halo  ketone  at  the  a-position,  the  reactions 
proceed  exclusively  or  almost  exclusively  according  to  die  anomalous  direction. 

We  set  up  for  the  goal  in  the  present  work,  a  study  of  the  reaction  of  a-halo  ketones  with  mixed  phosphites 
containing  aliphatic  or  aliphatic  and  aromatic  radicals  in  the  ester  groups.  For  die  a-halo  ketones  we  used  chloro- 
and  a,a-dichloroacetones.  The  selection  of  these  halo  ketones  was  made  owing  to  the  fact  that  the  reaction  of 
the  former  with  the  usual  phosphites  proceeds  predominantly  anomalously,  while  that  of  the  latter  proceeds  com¬ 
pletely  anomalously  [3].  As  is  known,  the  reaction  of  mixed  esters  of  phosphorous  acid  with  alkyl  halides  and 
odier  halogen  containing  organic  compounds  proceeds  in  such  a  way  that  the  radical  with  the  smallest  molecular 
weight  is  cleaved  from,  the  phosphite;  there  are  formed  the  alkyl  halide  and  an  ester  of  a  phosphonic  acid.  It 
was  of  some  interest  to  determine  die  behavior  of  mixed  phosphites  in  dieir  reactions  with  a-halo  ketones  which 
proceed  according  to  the  anomalous  scheme.  As  the  mixed  phosphites  we  utilized  diisobutyl  ethyl,  diethyl  phenyl, 
di-n-butyl  phenyl  esters  and  ethyl  bis-(dietliylamido)  phosphite,  (Et2N)2POEt. 

The  diisobutyl  isopropenyl  ester  of  phosphoric  acid  (I)  was  obtained  from  the  reaction  of  chloroacetone  with 
diisobutyl  ethyl  phosphite.  In  respect  to  its  physical  constants  this  substance  was  identical  with  the  diisobutyl  iso¬ 
propenyl  phosphate,  prepared  by  us  earlier  from  chloroacetone  and  triisobutyl  phosphite  [2].  The  keto  phosphonic 
ester,  isomeric  to  this,  was  not  isolated  in  the  pure  state  owing  to  the  low  content  of  it  in  the  reaction  mixture. 

The  constants  of  (I),  as  well  as  those  of  all  the  odier  products  described  below  which  were  prepared  from  chloro¬ 
acetone,  are  shown  in  Fable  1.  Two  products  were  obtained  from  the  reaction  of  chloroacetone  with  diethyl 
phenyl  fJiosphite:  phenyl  ethyl  isopropenyl  ester  of  phosphoric  acid  (II)  and  phenyl  ediyl  ester  of  phosphonoace- 
tone  (III).  Etiiyl  chloride  was  evolved  during  die  reaction. 
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Three  times  more  of  substance  (II)  than  of  substance  (III)  was  isolated.  The  double  bond  was  quantitatively  deter' 
mined  in  substance  (II),  while  it  was  absent  in  substance  (HI).  Acetone  was  obtained  in  90%  yield  in  transesteri¬ 
fication  of  (II)  widi  etliyl  alcohol,  run  in  die  presence  of  sodium  ethoxide. 
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Reaction  Products  of  the  Mixed  Esters  with  Chloroacetone 
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The  reaction  of  chloroacetone  with  phenyl  dl-n-butyl  phosphite  proceeds  analogously.  Fhenyl  butyl  iso- 
propenyl  ester  of  phosf^orlc  acid  (IV)  and  phenyl  butyl  ester  of  phosphonoacetone  (V)  were  obtained.  The  pre¬ 
sence  of  the  double  bond  in  substance  (IV)  was  confirmed  by  bromination;  acetone  was  obtained  In  a  quantita¬ 
tive  yield  on  hydrolysis  of  this  substance  with  30%  sulfuric  acid.  The  carbonyl  group  was  determined  in  (V).  Three 
times  more  of  substance  (IV)  was  obtained  than  of  substance  (V).  n-Butyl  chloride  was  isolated  in  the  course  of 
the  reaction;  about  85%  of  the  dieoretlcal  amount  of  this  substance,  calculated  for  both  the  reaction  products, 
was  collected. 

EXiring  the  action  of  chloroacetone  on  diphenyl  n-butyl  ester  of  phosphorous  acid  there  was  obtained  the 
diphenyl  isopropyl  ester  (VI).  The  diphenyl  ester  of  phosfhono acetone  did  form,  but  in  a  small  amount,  and 
could  not  be  isolated  in  the  pure  state.  Formaldehyde,  identified  as  the  product  of  condensation  with  dimethyl- 
cyclohexanedione,  was  obtained  in  ozonization  of  ester  (VI). 

The  reaction  of  chloroacetone  with  the  ethyl  ester  of  bis-(diethylamldo)  phosphite  proceeded  just  as  readily 
as  with  the  mixed  phosphites.  There  were  Isolated:  isopropenyl  ester  of  bls-(diethylamido)phos{^oric  acid  (VII) 
and  bis-(diethylamido)  phosphonoacetone  (VIII).  Ethyl  chloride  was  evolved  in  the  process  of  the  reaction. 
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The  presence  of  the  double  bond  in  substance  (VII)  was  confirmed  by  bromination,  while  it  was  absent  in  substance 
(VIII).  Five  times  more  of  substance  (VII)  than  of  substance  (VIII)  was  isolated. 

Then  we  studied  the  reactions  of  diisobutyl  ethyl  phosphite,  dietfiyl  phenyl  phosphite  and  dl-n-butyl  phenyl 
phosphite  with  a,a-dlchloroacetone.  As  in  the  case  of  the  usual  phosphites,  the  reactions  proceeded  in  these 
cases  solely  by  the  anomalous  route  with  formation  of  the  corresponding  unsaturated  phosphoric  acid  esters. 

TABLE  2 

Reaction  Products  of  Mixed  Esters  with  a,a-Dichloroacetone 
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The  constants  of  die  products  obtained  (IX-XI)  and  the  results  of  their  analyses  for  the  content  of  phosphorus  and 
chlorine  are  shown  in  Table  2. 

Trlchlorolsopropyl  butyl  phenyl  ester  of  phospiioric  acid  (XII)  was  obtained  In  the  chlorination  of  chlorolso- 
propenyl  n-butyl  phenyl  ester  of  phosphoric  acid  (XI). 
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It  Is  possible  to  draw  the  (inclusion  from  this  work  that  the  mixed  esters  of  phosphorous  acid  behave 
similarly  both  In  the  reactions  of  die  Arbuzov  rearrangement  and  In  the  anomalous  reaction  with  a-halo 
ketones;  the  radical  with  die  smallest  molecular  weight  participates  In  the  formation  of  the  alkyl  halide. 

EXPERIMENTAL 

Mixed  esters  of  phosphorous  acid  were  prepared  from  the  corresponding  ester  chlorides  of  phosphorous  acid 
and  alcchols,  In  the  presence  of  pyridine. 

The  technique  of  running  the  reactions  of  chloro-  and  dlchloroacetone  with  mixed  phosphites.  To  30-40  g 
of  the  mixed  (^osphlte,  placed  In  an  Arbuzov  flask  and  preheated  to  120-140*,  there  was  gradually  added  from 
a  dropping  funnel  the  equimolar  amount  of  chloro-  or  dlchloroacetone.  The  Arbuzov  flask  was  connected  to  a 
distilling  condenser.  In  cases  In  which  ethyl  chloride  was  evolved  In  the  process  of  the  reaction,  this  was  passed 
through  a  glass  tube  coll  cooled  with  a  freezing  mixture  and  collected  In  a  receiver.  After  the  addition  of  chloro- 
acetone  or  dlchloroacetone,  the  reaction  mixture  was  heated  for  1  hr  longer  at  120-130"  after  which  it  was  distilled 
In  vacuo  from  a  flask  with  a  Wldmer  column.  The  constants  of  all  the  producu  thus  obtained  and  their  analyses 
are  shown  in  Tables  1  and  2. 

Transesterifleation  of  ethyl  phenyl  Isopropenyl  esters  of  phosphoric  acid.  To  a  solution  of  sodium  ethoxide, 
prepared  in  an  Arbuzov  flask,  from  10  ml  of  anhydrous  ethyl  alcohol  and  0.17  g  of  sodium,  there  was  added  9.3  g 
of  ethyl  phenyl  Isopropenyl  phosphate.  After  heating  of  the  reaction  mixture  on  a  water  hath,  there  was  collected 
1.9  g  of  acetone.  Its  semlcarbazone  had  m.  p.  187-188*.  The  mixed  melting  point  with  an  authentic  sample 
flowed  no  depression. 

Hydrolysis  of  n-butyl  phenyl  Isopropenyl  ester  of  phosphoric  acid.  n-Butyl  phenyl  isopropenyl  phosphate 
(4.5  g)  and  8  ml  of  30%  sulfuric  acid,  placed  in  an  Arbuzov  flask  provided  with  a  distilling  condenser,  were  grad¬ 
ually  heated  on  a  water  bath.  The  reaction  began  Immediately  and  proceeded  very  vigorously  with  strong  heat 
evolution  within  the  reaction  mixture.  There  was  collected  1.5  g  of  acetone  with  b.  p.  56-57*.  Its  semlcarbazone 
had  m.  p.  188*. 

Ozonolysls  of  diphenyl  Isopropenyl  fhosphate.  Ozonized  oxygen  was  passed  for  20  hrs  Into  a  solution  of  4  g 
of  diphenyl  Isopropenyl  phosphate  in  20  ml  of  dry  carbon  tetrachloride  with  cooling  by  means  of  a  freezing  mix¬ 
ture.  After  the  removal  of  the  solvent  by  evacuation,  the  ozonlde  was  decomposed  with  water,  with  heating  on 
a  water  bath.  From  the  distillate,  which  had  the  sharp  odor  of  formaldehyde,  there  was  obtained  the  condensation 
product  with  dlmethylcyclohexanedlone,  with  m.  p.  188-189".  The  mixed  melting  point  with  an  authentic  sam¬ 
ple  had  m.  p.  189*. 

Chlorination  of  chlorolsopropenyl  n-butyl  phenyl  ester  of  phosphoric  acid.  Chlorine  was  slowly  Introduced 
into  a  solution  of  6.2  g  of  the  phosphate  ester  In  30  ml  of  dry  carbon  tetrachloride  with  cooling  by  means  of  a 
freezing  mixture.  The  solution  remained  colorless  during  the  process  of  chlorination,  but  turned  yellow  upon 
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reaching  the  theoretical  weight  gain  of  1.12  g.  After  distillation  of  the  reaction  mixture  from  a  flask  with  a 
Wldmer  column  there  was  obtained  4.8  g  of  a,0,8-trlchlorolsopropyl  n-butyl  phenyl  phosphate. 

B.  p.  180-181*  at  4  mm,  d4*®  1.2837,  n^^D  1.5020,  MRj)  87.36;  calc.  85.22.  Founder  P  8.30;  Cl  28.48. 
Ci3Hi804Cl3P.  Calculated  P  8.25;  Cl  28.32. 

SUMMARY 

1.  The  reactions  of  chloro-  and  dlchloroacetones  with  dllsobutyl  ethyl,  diethyl  phenyl,  dl-n-butyl  jrfienyl, 
diphenyl  n-butyl  esters  of  phosphorous  acid  and  ethyl  bls-(dlethylamldo)  phosphite  were  studied. 

2.  The  reactions  of  chloroacetone  with  mixed  esters  proceed  by  two  paths:  by  the  anomalous  route  with 
formation  of  unsaturated  phosphoric  esters  and  by  the  scheme  of  Arbuzov  rearrangement  with  formation  of  dlalkyl 
esters  of  phosphonoacetone.  The  reactions  with  a,a-dlchloroacetone  proceed  exclusively  by  the  anomalous  route 
with  formation  of  unsaturated  phosphoric  esters. 

3.  In  all  the  reactions  of  chloro-  and  dlchloroacetones  with  mixed  esters  of  phosphorous  acid,  the  alkyl 
radical  of  the  mixed  phosphite  having  the  smallest  molecular  weight  takes  part  In  the  formation  of  die  alkyl 
chloride. 
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ADDITION  OF  AMMONIA  AND  AMINES  TO  ISOPRENE  OXIDE 


A.  N.  Pudovlk  and  I.  M.  Aladzheva 


It  was  shown  In  a  paper  by  one  of  us  and  S.  G.  Denislamova  p,]  that  isoprene  oxide.  In  contrast  to  oxides 
of  propylene  [2],  Isobutylene  [3]  and  butadiene  [4],  adds  alcohols  In  the  presence  of  alcoholates  of  the  alkali 
metals  predominantly,  but  not  exclusively.  In  accord  with  the  Markovnlkov  rule  [5].  Some  10-14<7oof  ethers  of 
tertiary  alcohols  were  Isolated  along  with  the  primary  ethers.  It  appeared  Interesting  In  connection  with  die  pre¬ 
vious  studies  to  Investigate  the  addition  of  ammonia  and  amines  to  Isoprene  oxide. 

Krasusskll  [6]  had  shown  that  the  addition  of  ammonia  and  amines  to  oxides  of  unsymmetrlc  ethylenlc  hydro¬ 
carbons—  propylene,  isobutylene,  trimethylethylene  and  dlethylethylene  —  proceeds  according  to  the  Markovnlkov 
rule.  Analogous  reactions  with  oxides  of  diene  hydrocarbons  have  not  been  studied  sufficiently.  According  to  the 
existing  data,  ammonia  adds  to  butadiene  oxide  with  formation  of  a  mixture  of  both  isomeric  amino  alcohols  [7], 
while  amines  yield  amino  alcohols  with  the  secondary  alcohol  grouping  only  [8].  According  to  the  existing  con¬ 
cepts,  the  order  of  addition  of  neutral  or  basic  reagents  to  unsymmetrlc  a-oxldes  Is  determined  to  a  considerable 
degree  by  polarization  of  the  oxide  molecule  and  by  stability  of  carbon-oxygen  bonds  In  It  [9].  In  accord  with 
this,  one  may  suppose  that  tiie  addition  of  ammonia  and  amines  to  Isoprene  oxide,  which  Is  an  unsymmetrlc  dl- 
substituted  oxide,  would  proceed  In  accordance  with  the  Markovnlkov  rule. 

We  studied  the  addition  of  ammonia,  ethylamlne,  dlethylamine  and  aniline  to  Isoprene  oxide.  In  order  to 
secure  a  more  correct  conception  of  the  direction  of  the  course  of  these  reactions,  these  were  run  with  consider¬ 
able  anwuntsof  Isoprene  oxide  (0. 8-1.1  mole),  1.  e.,  several  times  larger  than  diose  used  previously  In  analogous 
experiments  with  butadiene  oxide  and  some  other  oxides. 

As  the  result  of  addition  of  ammonia  to  Isoprene  oxide  In  aqueous  medium  there  were  obtained  four  pro¬ 
ducts,  of  which  the  first  two  were  isomeric  products  of  addition  of  one  molecule  of  ammonia  to  one  molecule  of 
Isoprene  oxide,  the  third  was  the  product  of  addition  of  ammonia  to  two,  and  the  fourth  —  to  three  molecules  of 
isoprene  oxide. 


CII, 


CII, 

I 


CH2=CH— C - CH2  +  NH3  — >  CH2=CiI— C(OH)— CHoNHa 

(I) 


CH3  /  CHg  X  /  CH3  N 

-  CH2=CH— C— CII2OH  +(  CH2=CH— C— CH2  I  NH  +|  €112=011— G—CH2  I  N 

2  \  on 


NH, 

(II) 


OH 

(III) 


There  was  obtained  approximately  4.5  times  more  3-methyl-4-amlno-l-buten-3-ol  than  3-methyl-3-amlno-l- 
buten-4-ol  (II);  It  boiled  20*  lower  and  had  a  lower  Index  of  refraction  and  specific  gravity.  On  the  basis  of  a 
quantitative  comparison  of  the  resulting  Isomers  and  their  physical  constants,  we  came  to  the  conclusion  that  sub¬ 
stance  (I)  was  the  amino  alcohol  with  a  tertiary  alcohol  group,  1.  e.,  the  product  formed  In  accordance  with  the 
Markovnlkov  rule,  while  substance  (II)  was  the  amino  alcohol  isomeric  to  It.  The  product  of  addition  of  ammonia 
to  three  molecules  of  Isoprene  oxide  was  not  Isolated  In  pure  state.  The  characterization  of  the  products  obtained 
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by  us  Is  shown  in  tlie  table.  The  total  yield  of  amino  alcohols,  calculated  on  the  isoprene  oxide  taken  for  the  re¬ 
action,  was  about  SO^yo.  In  ozonolysis  of  (II)  formaldehyde  was  identified,  which  fact  also  serves  as  a  confirma¬ 
tion  of  the  proposed  structural  formula  and  excludes  the  supposition  about  the  possibility  of  an  allylic  shift  in  the 
process  of  reaction,  changing  (I)  into  3-methyl -4-amino-2-buten-l-ol. 


Amino  Alcohols  Prepared  in  the  Reaction  of  Isopropene  Oxide  with  Ammonia  and  Amines 


Reage  nt 

Reaction  products 

Yield 
(in  %) 

Boiling  point 
(pressure  in 
mm) 

a  4 

n*°D 

MRp 

Nitrogen  cont. 
(in  %) 

found 

calc. 

found 

calc. 

l-Amino-2-hydroxy-2- 

41.0 

63*  (9) 

0.9548 

1.4692 

29.51 

29.77 

13.78 

13.86 

methyi-3-butene  (I) 

Ammo- 

1- Hydroxy-2- amino-2- 

9.1 

83  (13) 

0.9693 

1.4772 

29.50 

29.77 

13.75 

13.86 

nia 

methyl-3- butene  (II) 
Bis-(2-hydroxy-2-methyl- 

9.0 

133.7- 134.2(14) 

0.9702 

1.4740 

53.67 

54.09 

7.28 

7.56 

3-butenyl)amine  (III) 

1-  Ethylamino-2-hydroxy- 

44.4 

51.5  (9) 

0.8865 

1.4462 

38.88 

39.18 

10.64 

10.85 

2-methyl-3-butene  (IV) 

Ethyl- 

l-Hydroxy-2-methyl-2- 

9.3 

82  (9) 

0.9157 

1.4598 

38.63 

39.18 

11.04 

10.85 

amine 

ethylamino-3-butene  (V) 
Bis-(2-hydroxy-2-methyl- 

4.8 

125-127  (14) 

0.9562 

1.4730 

62.38 

63.67 

6.96 

6.57 

3-butenyl)ethyIamine  (VI) 

l-Phenylamino-2-hydroxy- 

- 

120-124  (11) 

1.0154 

1.5470 

55.67 

56.23 

8.18 

7.90 

Phenyl- 

amine 

2-methyl-3-butene  (VII) 
l-Hydroxy-2-phenyIamino- 

- 

137-140  (11) 

1.0338 

1.5670 

56.35 

56.23 

8.19 

7.90 

2-methyI-3-butene  (VIII) 

l-Diethylamino-2-hydroxy- 

48.8 

63  (13) 

0.8534 

1.4388 

48.45 

48.76 

9.2 

8.9 

Diethyl- 

2-methyl-3-butcne  (IX) 

amine 

l-HydroAy-2-  dietliylamino- 

10.5 

78  (12) 

0.8693 

1.4472 

48.36 

48.76 

9.0 

8.9 

2-methyl-3-biitene  (X) 

In  running  die  reaction  between  isoprene  oxide  and  ethylamine,  three  products  were  isolated:  two  isomeric 
amino  alcohols  formed  by  die  addition  of  cdiylamine  to  die  oxide  ring  in  both  possible  directions  and  the  product 
of  addition  of  cdiylarninc  to  two  molecules  of  isoprene  oxide.  There  was  obtained  5  times  more  3-methyl-4- 
cdiylamino-l-buten-3-ol  (IV)  dian  3-niediyl-3-ethylaminc-l-buten-4-ol  (V).  The  total  yield  of  products  was 
about  59%  (see  Table). 

The  reaction  of  isoprene  oxide  with  aniline  proceeds  very  slowly  and  incompletely  in  an  aqueous  medium, 
owing  to  die  low  solubility  of  aniline  in  water.  Two  isomeric  amino  alcohols  (VII  and  VIII)  were  isolated  in  low 
yields. 

Addition  of  a  secondary  amine  —  diethylamine  —  to  isoprene  oxide  proceeded  in  aqueous  medium  as  readily 
as  diat  of  primary  amines.  Five  times  more  amino  alcohol  with  the  tertiary  alcohol  group  (IX)  was  formed  in 
comparison  with  its  isomer  (X). 


C 1 1  2=G  1 1 — C— C 1 1  oN  R  R' 

I 

OH 


(IV)  R  =  C,IIj,  R'=  H 
(Vll)  R  =  0,115.  R'  =  n 
(IX)  R  =  R'  =  0,115 


GII3 

I 

GIl2=GH— G— GII,OII 

I 

NRR' 

(V)  R  =  CjH,,  R'  =  11 
(Vlll)  R  =  (’oils,  R'  ^  II 
(X)  R  =  R'  =  0,115 


GIfa 

I 

GH2=GII— G— Gil 

I 

OH 

(VI) 


NG.2II5 
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The  characterization  of  the  prepared  substances  Is  given  In  the  Table. 

Formation  of  two  Isomeric  amino  alcohols  In  all  the  reactions  studied  by  us  Indicates  that  the  addition  of 
ammonia  and  amines  to  Isoprene  oxide  proceeds  not  only  In  accordance  with  the  Markovnlkov  rule,  but  also  to 
a  considerable  degree  (about  Vs)  contrary  to  It,  1.  e.,  according  to  an  anomalous  reaction.  Approximately  twice 
as  much  anomalous  products  of  addition  was  formed  In  the  reactions  studied  by  us  as  compared  with  die  amount 
of  anomalous  products  formed  in  the  reactions  of  Isoprene  oxide  with  alcohols.  In  the  presence  of  alcoholates  p.]. 

For  realization  of  an  alternate  synthesis  of  the  amino  alcdiols,  we  ran  the  reaction  of  Isoprene  oxide  wltii 
hydrogen  chloride  to  prepare  the  original  chlorohydrln.  The  reaction  proceeded  In  an  ethereal  solution  with  cool¬ 
ing.  We  failed  to  Isolate  the  chlorohydrln  In  the  pure  state;  along  wldi  a  considerable  amount  of  tar  there  was 
Isolated  a  small  fraction  with  b.  p.  53-58*  at  13  mm,  n^D  1,4732,  1.0853,  which  rapidly  darkened  In  air.  The 

chlorine  content  In  this  fraction  (In  two  experiments)  differed  from  that  calculated  for  the  chlorohydrln  by  2-3%. 

No  Individual  product  could  be  Isolated  after  Its  reaction  with  ammonia.  In  experiments  on  addition  of  hydro- 
bromic  add  to  Isoprene  oxide,  the  latter  Isomerlzed  into  tlgllc  aldehyde  [10]. 

The  results  obtained  by  us  on  the  addition  of  alcohols  to  Isoprene  oxide  In  the  presence  of  alcoholates  of 
the  alkali  metals,  as  well  as  of  ammonia  and  amines,  lead  to  the  conclusion  that  considerable  differences  exist  In 
the  behavior  of  the  oxide  of  Isoprene  as  compared  to  oxides  of  Isobutylene  and  butadiene  under  analogous  con¬ 
ditions.  It  Is  necessary  to  add,  however,  that  for  a  more  correct  conception  of  the  course  of  the  reactions  of  un- 
symmetric  a-oxides  with  nucleophilic  reagents  In  a  basic  medium,  it  would  be  rational  to  repeat  some  of  the 
reactions  run  previously,  to  repeat  them  with  considerably  greater  amounts  of  reagents. 

EXPERIMENTAL 

Isoprene  a-oxide  was  prepared  by  oxidation  of  Isoprene  with  acetyl  hydroperoxide  In  ethereal  solution  [11]; 
b.  p.  79-81*,  n”D  1.4172. 

Isoprene  oxide  (70-90  g)  was  added  dropwlse  with  energetic  stirring  by  a  mechanical  stirrer  to  a  three- fold 
(molar)  excess  of  ammonia  or  amine,  dissolved  In  water.  The  stirring  was  usually  continued  for  one  day  until 
the  oxide  lay«  dissolved  completely.  (A  considerable  amount  of  aniline  and  oxide  failed  to  react  In  the  reaction 
with  aniline).  Ammonia  or  amine  was  at  first  distilled  from  the  solution  by  gentle  heating,  after  which  water 
distillation  was  performed  In  vacuo.  The  residue  was  fractionated  from  a  flask  with  a  small  Wldmer  column. 

The  Individual  fractions,  obtained  In  small  amounts,  were  distilled  from  flasks  with  a  shortened  Wldmer  column. 
The  constants,  analytical  results  and  yields  of  the  products  obtained  by  us  are  shown  In  the  table. 

SUMMARY 

1.  It  was  shown  tiiat  ammonia,  ethylamlne  and  diethylamine  add  to  Isoprene  oxide  predominantly  but  not 
exclusively  In  accordance  with  the  Markovnlkov  rule.  About  20%  of  amino  alcohols  containing  a  primary  alcoholic 
group  Is  formed  In  comparison  with  the  amount  of  amino  alcohols  which  contain  the  tertiary  alcoholic  group. 

2.  Products  of  addition  of  ammonia  and  amines  to  Isoprene  oxide  were  obtained  and  characterized. 
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THE  PROBLEM  OF  SYNTHESIS  OF  DI -6  ,6  ’  -  C  H  LORO  ET  H  Y  L  ESTER 


OF  VINYLPHOSPHONIC  ACID 

E.  L.  Gefter 


Esters  of  vlnylphosphonic  acid  are  rather  reactive  compounds,  capable  of  polymerization  [1,  2],  addition  of 
substances  with  a  mobile  hydrogen  to  the  double  bond  [3-5],  participation  in  diene  synthesis  [6],  etc.  One  of  the 
insufficiently  studied  compounds  in  this  series,  which  became  industrially  Important  recently  [7],  is  bis-S  ,0  *- 
chloroethyl  ester  of  vlnylphosphonic  acid,  prepared  first  by  M.  I.  Kabachnlk  [1]  by  the  reaction  of  alcoholic  alkali 
with  bis-0,d '-chloroethyl  ester  of  6 -chloroethyl [rfxosphonlc  acid.  However,  this  method  has  a  material  defect: 
along  with  the  cleavage  of  hydrogen  chloride,  some  hydrolysis  of  the  ester  takes  place,  which  fact  sharply  lowers 
the  yields  of  the  ester  of  vlnylphosphonic  acid. 

In  order  to  raise  the  yields  of  bls-0,0 ’-chloroethyl  vinyl phosphonate  we  used  as  dehydrochlorinating  agent 
die  trlethylamine  which  was  first  used  by  Ford-Moore  and  Williams  [8]  in  the  preparation  of  diethyl  vlnylphos- 
phonate  by  the  principle  mentioned  above.  Since  die  halogen  in  the  0  -haloethyl  group  bound  directly  to  phos¬ 
phorus  is  more  active  than  the  halogen  in  a  similar  group  bound  to  phosphorus  through  oxygen  [1],  we  supposed 
that  the  dehydrochlorination  should  occur  only  in  the  acidic  part  of  the  molecule  of  bls-0,0 ’-chloroethyl  ester 
of  0  -chloroethylphosphonic  acid.  However,  it  appeared  that  this  process  proceeds  in  a  more  complex  manner. 
Along  with  the  expected  reaction  product  —  bis-0,0’-chloroethyl  vinyl  phosphonate  —  obtained  in  50-60‘7o  yields, 
there  also  remained  always  a  certain  amount  of  unreacted  starting  material.  In  case  of  utilization  of  an  excess 
of  trlethylamine  (up  to  20%  of  theoretical),  the  yields  of  bis- 0,0 ’-chloroethyl  vlnylphosphonate  declined.  It  was 
possible  to  suppose  that  die  reaction  of  bls-0,0 ’-chloroethyl  ester  of  0 -chloroethylphosphonic  acid  with  triethyl- 
amine  proceeds  in  two  steps. 

1)  Formation  of  an  unstable  complex  or  quaternary  ammonium  salt  (addition  product  I)  (formation  of  com¬ 
plexes  in  the  reactions  of  tertiary  amines  with  various  halogen  containing  compounds  has  been  described  [9,  10]). 
2)  Facile  cleavage  of  product  (I): 


CICH5Cll2PO(OGH2CH2Cl)2  + NfCjIIgla  Cr((C2H5)3N— Cll2CH,PO(OCH2Cri2Cl)2l 

(I) 

— CH2==GIIPO(OCHoCIl2Cl)2-|-N(C2H5)3- 


At  temperatures  of  the  order  of  80-90*  odier  processes  occur  evidently  at  a  noticeable  rate  as  well;  forma¬ 
tion  of  complexes  at  die  chlorine  atoms  which  are  present  in  the  alcoholic  part  of  the  molecule  (addition  product 

n): 


4’.H2==ghpo(ogh2GH2G1)2+  n(G2H5)m 


/OGH2GH2N  (Gall  5)3 

gh2=ghp< 

II  N)Gn2GlloGl 

o 


Gl'  and  (or) 


GIGIl2CH2PO(OGH2GM2Cl)2  +  N(G2H5)3  -♦ 


,OGIl2Cil,N(C2H5)3 

CIGH2Gll2P<  -  '  2  >3 

II^OGIIaGHaGl 


Cl' 


(II) 


Compounds  of  type  (II)  are  rather  stable  [11]  and  under  the  reaction  conditions  may  simply  precipitate,  thus  leav¬ 
ing  the  reaction  zone.  (Analysis  showed  the  admixture  of  organophosphorus  compounds  in  the  triethylamine  hydro¬ 
chloride.)  As  a  result  of  such  secondary  processes,  the  yields  of  bis-8,0*-chloroethyl  vinyl phosphonate  should  de¬ 
cline  naturally,  while  a  part  of  the  starting  material  would  remain  unchanged  since  no  free  triethylamine  would 
be  present  in  the  system. 

We  supposed  that  an  elevation  of  the  temperature  of  the  system  should  aid  the  formation  of  all  the  com¬ 
plexes  listed  above,  while  low  temperature  in  the  initial  stage  would  aid  the  progress  of  only  the  main  process. 

This  supposition  was  confirmed.  Thus,  the  convenient  method  of  preparation  of  bls-0,0'-chloroethyl  ester  of 
vinylphosphonlc  acid  turned  out  to  be  the  slow  heating  of  a  mixture  of  bis-0,0’-chloroethyl  ester  of  0 -ch  loro  ethyl - 
phosphonlc  acid  and  triethylamine  (in  molar  ratio  of  1 : 1.02)  in  a  benzene  solution.  The  precipitate  of  triethyl¬ 
amine  hydrochloride  was  removed  as  completely  as  possible  (see  experimental  part),  and  bls-0,0’-chloroethyl 
vlnylphosphonate  was  fractionated  in  vacuo.  The  yield  was  about  70^1)  of  theoretical.  We  should  note  that  the 
admixture  of  triethylamine  hydrochloride  (if  tills  is  not  washed  out  completely)  during  the  distillation  suffers  a 
partial  decomposition  and  is  partially  drawn  into  the  distillate.  Pure  bis-0,0'-chloroethyl  ester  of  vinylphosphonlc 
acid  distills  without  decomposition. 

The  above-described  method,  in  connection  with  the  previously  developed  method  of  safe  preparation  of 
bls-0,0’-chloroethyl  ester  of  0 -chloroethylphosphonic  acid  [12],  makes  dl-0,0’-chloroethyl  vinylphosf^onate  a 
readily  available  substance. 


EXPERIMENTAL 

The  Initial  bls-0,0*-chloioethyl  ester  of  0-chloroetiiylphosphonic  acid  was  prepared  by  the  previously  de¬ 
scribed  method  [12]. 

Preparation  of  bis-0,0*-chloroethyl  vlnylphosphonate.  (One  of  typical  experiments.)  A  mixture  of  1080  g 
of  bis-0,0'-chloroethyl  ester  of  0 -chloroethylphosphonic  acid,  412  g  of  triethylamine  andlOOOml  of  benzene, 
protected  from  atmospheric  moisture,  was  stirred  for  3  hrs  at  30-40",  2  hrs  at  50-60*  and  3  hrs  at  80-85*.  The 
resulting  precipitate  of  triethylamine  hydrochloride  was  filtered  off  on  the  following  day  and  washed  with  benzene. 
Benzene  was  distilled  from  the  filtrate.  The  residue,  from  which  some  crystals  had  precipitated  again,  was  filtered, 
the  filtrate  was  washed  wltii  water  and  fractionated  at  3-4  mm.  There  were  obtained  the  following  fractions; 

1st,  with  b.  p.  22-135*;  2nd  with  b.  p.  135-146*,  591  g;  3rd  with  b.  p.  146-161*,  135  g.  After  repeated  distilla¬ 
tion  of  the  second  and  die  third  fractions  there  was  obtained  601  g  of  bis-0,0’-chloroethyl  vlnylphosphonate  (yield 
with  account  being  taken  of  recovery  of  the  starting  material  was  70%  of  theoretical)  and  80  g  of  unreacted  bis- 
0,0'-chloroethyl  ester  of  0 -chloroethylphosphonic  acid. 

B.  p.  131-132*  (3  mm),  135-137*  (4  mm),  n^’o  1.4787,  d4“  1.3233,  MRp  49.91;  calc.  50.13  (in  the  calcula¬ 
tion  we  used  the  atomic  increment  values  cited  in  [13]). 

Found  %:  P  13.3;  Cl  30.8.  CsHnOgPClz.  Calculated  %:  P  13.3;  Cl  30.5. 

With  a  rapid  running  of  the  reaction  with  the  same  molar  ratios  of  the  components,  the  yields  of  bis-0,0*- 
chloroethyl  vlnylphosphonate  dropped  by  10-12%.  Bls-0,0'-chloroethyl  ester  of  vinylphosphonlc  acid  was  a  color¬ 
less  transparent  liquid,  soluble  in  benzene,  toluene,  alcohol  and  ether,  insoluble  in  water. 

SUMMARY 

The  method  of  preparation  of  bis-0,0*-chloroethyl  ester  of  vinylphosphonlc  acid  in  yields  of  about  70%  of 
theoretical  was  described. 
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A  NEW  METHOD  OF  INTRODUCTION  OF  TRIHALOMETHYL  GROUP 
INTO  ORGANIC  COMPOUNDS 

N.  N.  larovenko  and  A.  S.  Vasll'eva 


The  goal  of  the  present  work  was  the  search  for  a  method  of  replacement  of  hydrogen  In  a  hydroxyl  group 
In  an  organic  compound  by  a  trlfluoromethyl  group:  ROH— ♦  ROCF3.  It  Is  known  diat  certain  dyes  containing  the 
polyfluoroalkoxyl  group,  for  example,  CFgCHjO,  possess  Interesting  properties  [1].  Dyes  containing  tiie  trlfluoro- 
methoxyl  group  have  been  studied  but  little  up  to  the  present  time  [2]. 

A  new  method  for  introduction  of  &e  trlhalomeftyl  group  Into  organic  compounds  was  discovered  during 
a  study  of  chemical  properties  of  phenyl  ester  of  chlorodilocarbonlc  acid  (see  also  [3]).  We  showed  that  this  com* 
pound  Is  capable  of  readily  adding  two  atoms  of  chlorine  with  formation  of  phenoxydlchloromethylenesulfenyl 
chloride: 

/S  PI 

BOC<^^^  ROCCI2SCI 

Upon  further  chlorination,  the  sulfur  Is  completely  eliminated  In  the  form  of  chlorides  of  sulfur  and  there 
Is  formed  trlchloromethyl  phenyl  ether: 

PI 

ROCCI2SCI  ROCCI3 

Fluorinadon  of  this  ether  proceeds  very  readily.  Dlfluorochloromethyl  phenyl  ether  was  obtained  on  heating 
trlchloromethyl  phenyl  ether  wldi  antimony  trlfluorlde  wldiout  a  catalyst.  The  reaction  begins  after  a  slight  heat¬ 
ing  and  proceeds  quietly  In  a  usual  glass  flask.  A  deeper  fluorlnatlon  of  trlchloromediyl  phenyl  ether  does  not 
occur  without  a  catalyst  even  at  200*,  but  should  one  add  a  small  amount  of  antimony  pentachloride,  the  spon¬ 
taneously  progressing  exothermic  fluorlnatlon  to  trlfluoromediyl  [^enyl  ether  takes  place. 

Ghir 

CeHsOCClg  — ^  CnKgOCFaCI 
C8H5OCF2CI  SbF.-fS|)Cl.^  CellBOCFs 

EXPERIMENTAL 

Trlchloromethyl  {Jienyl  ether.  20  g  of  phenyl  ester  of  chlorothlocarbonlc  acid  was  saturated  with  chlorine 
with  simultaneous  cooling  with  ice  water,  until  die  weight  gain  of  chlorine  reached  8.25  g.  Then  the  reaction 
mixture  was  washed  with  water  and  dried  wldi  calcium  chloride.  The  yield  of  phenoxydlchloromethylenesulfenyl 
chloride  was  21  g  (74.5%).  The  substance  was  a  yellow  liquid  wldi  an  odor  characteristic  of  alkylsulfenyl  chlor¬ 
ides.  It  was  Insoluble  In  water.  It  dissolved  readily  In  ether  and  chloroform.  It  decomposed  on  attempted  distil¬ 
lation;  d^”  1.4306,  n“D  1.6690. 

Found  %:  Cl  44.49;  S  13.09.  CtHjOCIsS.  Calculated  %:  Cl  43.80;  S  13.16. 

The  product  (8.5  g)  was  saturated  with  chlorine  at  40-45*  until  the  weight  gain  of  chlorine  reached  2.5  g. 
The  sulfur  chlorides  were  distilled  and  the  trlchloromediyl  phenyl  ether  was  distilled  at  108-110*  (16  mm).  The 
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yield  of  trlchloromethyl  phenyl  ether  was  7  g  (95<7o),  1.406,  n^D  1.5395.  (Preparation  of  trlchloromethyl 

phenyl  ether  from  phenyl  ester  of  chlorotfiiocarbonlc  acid  may  be  run  In  one  step  without  isolation  of  the  Inter¬ 
mediate  substance.)  The  compound  was  a  colorless  liquid  with  an  unplesant  odor.  It  does  not  dissolve  in  water, 
but  is  readily  soluble  in  ether  and  chloroform. 

Found  <7o:  C  39.45;  H  2.64;  Cl  49.41.  C7H5OCI3.  Calculated  C  39.81;  H  2.37;  Cl  50.00. 

Difluorochlorometfayl  phenyl  ether.  In  a  glass  flask  there  was  mixed  11  g  (0.062  mole)  of  antimony  trlfluor- 
Ide  and  13  g  (0.062  mole)  of  trlchloromethyl  phenyl  ether  and  the  mixture  was  heated  slowly  to  75*.  After  10-15 
min  following  the  completion  of  the  reaction,  the  liquid  products  were  distilled  at  the  pressure  of  90-100  mm, 
washed  with  dilute  hydrochloric  acid  and,  after  drying  with  calcium  chloride,  again  distilled  at  71*  (58  mm). 

The  yield  of  dlfluorochloromethyl  phenyl  ether  was  6  g  (52%);  d^^  1.2748,  n“D  1.4518.  The  product  was  a  color¬ 
less  liquid.  It  was  insoluble  in  water,  but  dissolved  readily  In  the  usual  organic  solvents. 

Found  %:  C  47.92;  H  2.84;  Cl  20.49;  F  21.94.  C7H5OFJCI.  Calculated  %:  C  47.20;  H  2.81;  Cl  19.90; 

F  21.35. 

Trifluorom ethyl  phenyl  ether.  To  a  mixture  of  5  g  of  antimony  trlfluorlde  with  0.5  g  of  antimony  penta- 
chlorlde  there  was  added  with  stirring  3  g  of  dlfluorochloromethyl  phenyl  ether.  After  termination  of  heat  evolu¬ 
tion  of  the  mixture,  the  liquid  reaction  products  were  distilled  at  atmospheric  pressure,  washed  with  water,  dried 
with  calcium  chloride  and  redistilled.  The  yield  of  trlfluoromethyl  phenyl  ether  was  3.2  g  (71%). 

By  an  analogous  method  there  was  obtained  from  17  g  of  antimony  trifluoride  mixed  with  2  g  of  antimony 
pentachloride  and  80  g  of  trlchloromethyl  phenyl  ether,  11.1  g  of  trlfluoromethyl  phenyl  ether.  Yield:  53%. 

B.  p.  104*,  d^"  1.2800,  n”D  1.4073. 

Found  %:  C  51.81;  H  3.16;  F  35.29.  C7H5OF3.  Calculated  %:  C  51.80;  H  3.08;  F35.il. 

SUMMARY 

1.  A  new  and  simple  method  was  proposed  for  the  introduction  of  a  trihalomeftiyl  group  into  organic  com¬ 
pounds,  the  method  consisting  of  introduction  of  halothlocarbonyl  group  into  an  organic  molecule,  with  a  subse¬ 
quent  chlorination  of  the  latter  to  the  trihalomethyl  form. 

2.  Trlchloromethyl,  dlfluorochloromethyl  and  trlfluoromethyl  phenyl  ethers  were  prepared  for  the  first  time 
by  the  above  method. 
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PREPARATION  OF  ESTERS  OF  N- T  R I F  LU  OROM  E  T  HY  L  T  H  lO  LC  A  RB  AMI  C  ACID 


N.  N.  larovenko  and  S.  P.  Motornyl 


Chemistry  of  fluoroalkyllsocyanates  began  Its  history  with  the  work  of  Huckel,  who  in  1946  prepared  mono-, 
di-  and  trifluoromethyllsocyanates  [1].  After  Huckel,  a  considerable  number  of  new  fluoroalkyllsocyanates  were 
prepared  and  their  properties  studied  to  some  degree.  Thus,  for  example,  tfiere  were  published  the  studies  of 
addition  of  methyl  alcohol  and  some  phenols  to  perfluoroalkylisocyanates,  reactions  with  water,  with  ammonium 
hydroxide,  with  alcoholic  solution  of  sodium  hydroxide,  with  acetic  acid  [2,  3].  Recently  we  discovered  and  de¬ 
scribed  a  new  reaction  which  permits  one  to  prepare  halides  of  the  previously  unknown  N-trlfluoromethylcarbamlc 
acid  [4]. 

In  light  of  these  studies  a  considerable  interest  exists  in  the  study  of  reactions  of  perfluoroalkylisocyanates 
with  organic  compounds,  containing  the  sulfliydryl  groups.  In  the  present  work  we  investigated  the  reactions  of 
trlfluoromethylisocyanate  with  methyl  and  phenyl  mercaptans.  As  presupposed, per  fluoroalkyllsocyanates  readily 
enter  into  reaction  with  mercaptans,  forming  esters  of  N-perfluoroalkylthlolcarbamlc  acids: 

_^CO^  CFjNH-c/ 

"  \SR 

EX  PERIMENTA  L 

Methyl  ester  of  N-trifluorometliylthiolcarbamic  acid.  Into  a  glass  ampule  of  30  ml  capacity  there  was 
placed  1.5  g  of  methyl  mercaptan  and,  with  cooling  of  the  ampule  with  liquid  nitrogen,  3.6  g  of  trlfluorometfiyl- 
isocyanate  was  condensed  in  it.  After  being  sealed,  the  ampule  was  warmed  to  room  temperature,  at  which  an 
energetic  reaction  began.  During  this  reaction,  the  ampule  was  periodically  immersed  in  liquid  nitrogen.  After 
completion  of  the  reaction,  the  product  in  the  form  of  colorless  crystals  was  removed  from  the  ampule;  tills 
corresponded  by  analysis  to  methyl  ester  of  N-trlfluoromethylthlocarbamic  acid.  Yield  was  3.6  g  (63%). 

Found  %:  N  9.09;  F  35.72;  S  19.63.  C3H4F3ONS.  Calculated  %:  N  8.80;  F  35.84;  S  20.12. 

Ihenyl  ester  of  N-trifluoromethylthiolcarbamic  acid.  Into  a  glass  ampule  of  30  ml  capacity  there  was 
placed  1.7  g  of  thiophenol  and,  with  cooling  of  the  ampule  with  liquid  nitrogen,  1.8  g  of  trifluoromethyllsocya- 
nate  was  condensed  in  it.  After  being  sealed,  the  ampule  was  warmed  to  room  temperature  at  which  the  reaction 
proceeded  in  the  course  of  one  hour  without  heat  evolution.  Then  the  ampule  was  heated  for  1  hr  at  50*.  After 
completion  of  the  reaction  the  solid  product  was  removed  from  the  ampule.  The  distilled  product  corresponded 
in  its  analysis  to  the  phenyl  ester  of  N-trifluoromethylthiolcarbamic  acid.  The  substance  formed  colorless  crystals. 
M.  p.  116*;  sublimation  temperature  140*  (at  2  mm).  The  yield  was  1.9  g  (50%). 

Found  %:  N  6.97;  F  25.62;  S  14.91.  CgHgNFsOS.  Calculated  %:  N  6.63;  F  25.79;  S  14.48. 

SUMMARY 

1.  The  reaction  of  trlfluoromethylisocyanate  wltii  metiiyl  and  phenyl  mercapatans  was  studied. 

2.  The  corresponding  esters  of  N-trlfluoromethylthlolcarbamic  acid  were  Isolated  and  characterized. 
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PROPERTIES  OF  HEX  EROORG  AN  IC  COMPOUNDS  IN  THE  LIGHT  OF 


D.  I.  MENDELEEVS  PERIODIC  SYSTEM 
I.  BOILING  POINTS  OF  COMPOUNDS  OF  FLUORINE  AND  OTHER  HALOGENS 

N.  N.  larovenko 


In  connection  with  the  boiling  points  of  organic  compounds  of  fluorine  an  erroneous  opinion  is  widespread 
to  the  effect  that  "fluorine  exerts  an  effect  on  boiling  points  of  organic  compounds  which  is  completely  different 
from  that  expected  by  analogy  with  other  halogens."* 

Such  a  conclusion  in  respect  to  organo fluorine  compounds  is  totally  untrue. 

Fluorine,  like  many  other  elements,  affects  the  boiling  point  of  organic  compounds  in  complete  agreement 
with  its  position  in  the  periodic  system  of  the  elements. 

By  comparison  of  the  boiling  points  of  analogous  fluorine,  chlorine  and  bromine  organic  compounds  we  have 
established  that  the  ratio  of  the  differences  of  boiling  points  (t(^j  —  tp)/(tgj  —  t^-j)  varies  within  small  range  of 
limits  and  on  the  average  does  not  differ  much  from  1.7  (see  the  table). 


‘ci  'f 

‘Br“  'ci 

F2  =  —188° 

Cl2  = 

—33.9° 

Br,=  58.7° 

1.66 

CH3F  =  — 78.2 

GHgCl^ 

—23.7 

GH3Ur=  4.5 

1.92 

CH2F2  =  — 51.6 

GH2Cl2  = 

41.6 

GH,Br2=  97 

1.68 

GHF3  =  — 82.2 

GHGl3== 

61.2 

GHBr3==  151.2 

1.59 

CF4  =  -128 

GGl4  = 

76.8 

GBr4  =  189.5 

1.82 

C6ll5F=  85 

GgHsCI  = 

132 

GBH5Br  =  156 

1.92 

C0F2  =  — 83 

GO  Gig  = 

12 

GOBr2=  64 

1.83 

The  physical  meaning  of  this  coefficient  consists  of  the  fact  that  it  represents  the  result  of  division  of  the 
difference  of  atomic  refractions  of  chlorine  and  fluorine  by  the  difference  of  atomic  refractions  of  bromine  and 
chlorine. 


—  5.967  —  1.0 

Ali^^  —  ~  8.865  —  5.967 


1.71. 


Assuming  the  variation  fiar  atomic  refraction  of  fluorine  from  0.6  to  1.35,  one  obtained  with  ARp  =  0.6 


AR(,y  —  AHp 


*  A.  G.  Sharpe  and  R.  N.  Haszeldine,  Fluorine  and  Its  Compounds  (London-New  York,  1950). 
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and  for  ARp  =  1.35 

AIi(,y  —  AU^  ^ 

ARY\f 

Consequently,  the  replacement  of  one  halogen  by  another  In  various  compounds  changes  the  boiling  point 

^1  ~  ^^1  “ 

by  different  amounts,  but  the  ratio  -  remains  almost  constant  and  equal  to  — r - - —  . 

^Br  “  tCl  ARgr  “  AR^i 

In  order  to  simplify  the  calculation  of  boiling  points  of  unknown  organ© fluorine  compounds  with  the  above 
formula,  it  is  possible  to  construct  a  graph  for  the  use  of  which  one  does  not  need  to  make  any  arithmetic  opera¬ 
tions. 


For  this  purpose  we  draw  parallel  lines  in  respect  to  the  temperature  scale  at  distances  equal  to  the  atomic 
refractions  of  fluorine,  chlorine  and  bromine  and  on  these  straight  lines  we  lay  off  the  known  boiling  points  of  bro¬ 
mine  and  chlorine  compounds.  Then,  on  the  fluorine  line  one  can  read  off  the  boiling  points  of  tfie  unknown 
fluorine  compounds. 

For  an  example  on  the  above  graph  there  is  shown  the  calculation  of  the  boiling  points  of  fluorobenzene, 
difluoromethane  and  carbonyl  fluoride. 

It  is  evident  fliat  with  this  graph  one  may  calculate  the  boiling  points  of  not  only  fluorine  compounds,  but 
also  those  of  chlorine,  bromine  and  iodine  organic  compounds. 

For  computation  of  the  boiling  points  of  iodoorganic  compounds  it  is  necessary  to  expand  die  graph  by  one 
more  straight  line  parallel  to  the  temperature  scale.  The  distance  from  this  line  to  the  temperature  scale  is  some¬ 
what  smaller  than  the  atomic  refraction  of  iodine  (12.9  Instead  of  13.9). 
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Below  are  shown  the  boiling  points,  found  and  calculated  by  the  graph,  for  some  organo chlorine  compounds. 


Halomethanes 

Cllj  — 23.70,  calc.— 26°(fromCn3F  — 78.2°  &  Cllallr  4.5°) 

GH.^Cl2  41.6,  »  43  ("  GH2F2— 51.6  &  GlIaBrj  97) 

GHGI3  61.2°,  «  66  (  "  GHF3  — 82.2  &GfIBr3  151.2) 

GGI4  76.74°,  ”  74  (  "  GF4  — 128  &  GBr4  189.5) 

Haloetha  nes 

GH3GU2GI  12.2°,  calc.  ll°(fromGH3GH2F  —  37°  GH3GH2Br  38°) 

GH2GIGII2GI  83.5,  "  85  (  "  GH2FGH2F  10 &GH2BiGH2Br  129) 

GH,GHGl2  59.2,  «  60  (  "  GII3GHF,  —24.7  &  CIUGHBr  108) 

GH2GIGHGI2  114,  "  115  (  •  GII2FGHF2  5  &  GUgBrClIBra  188) 

Haloethylenes 

GFT2=GHG1  -12o,calc.  -16°(fromGH2=-GHF-72.2  &  GH2=GnBr  16°) 

GMGI=GGl2  88,  "  85  (  "  GHF=GF2-51  &  GHBr=GBr2  164°) 

GGI=GGl2  121,  “  117°  (  "  GF2=GF2-78.4  &  GBr2=GBr2  227°) 

Halopropylenes 

GF3— Gn=GHGI  21°, calc.  20°(from  GF2— GH=GHF— 16°  &  GF3-GH=GHBr  40°) 
Halogenated  alcohols 

GHoGlGHjOH  132°, calc.  1333[fromGH2FGll20H  103.35°  &  GH2BrGH20H  150°) 
GHGI2GH2OH  146,  "  148  (  "  GIIF2GH2OH  96  &  GHBraGHgOH  179) 

Halogenated  aldehydes 

GGI3GOH  97.6°,  calc.  102°(ffomCF3GOH -20°  &  GBrgGOH  174° 

Halogenated  acids 

GH2GIGO2H  185— 187°, calc.  184°(ffomGH,FG02H  165°  &  GH2BrG02H  196°) 

GHGI2GO2H  194.4°,  -  195  (  "  GHF2GO2H  134.2  &GHBr2G()2H  232  with  decomp.) 

Halogenated  acyl  halides 

GH2GIGOGI  105°, calc.  113°(fromGH2FGOF  52° &  GH2BrGOBr  149°) 

GF3GOGI  —27,  "  —26  (  "  GF3GOF  —59°  &  GF3GO  Br  -5) 


We  also  list  the  boiling  points  of  some  iodoorganic  compounds: 


GIUI  43°,  calc.  43°(from  GII3GI 

GF3I  -22,5,  •  —24  (  -  GF4 

GoF^I  13,  "  15  (  "  GjFo  78 

GF3GH=G HI  70-71,  "  67  ("  GF.,TG=:GIIG1  21 

GHFIGO2G2II5  180,  "  178  (  ”  GHF2GO2G2IT5  99 


—23.7"  &  GH.,Br  4.5°) 

—128  &  GF.,'Br  —57.8) 

&G2F6GI  —38) 

&  GF.,GII=GHBr  40) 

&  GHFB1GO2G2H5  154). 


It  should  be  noted  tliat  in  some  cases  one  may  obtain  an  approximate  notion  by  means  of  the  graph  concern¬ 
ing  the  boiling  points  of  inorganic  compounds  as  well.  However,  for  many  inorganic  compounds,  such  as  for  example, 
hydrogen  fluoride,  arsenic  trifluoride,  cadmium  fluoride,  and  others,  there  is  observed  a  considerable  deviation  of 
die  actual  boiling  points  from  those  calculated  by  means  of  the  graph,  which  fact  is  explained  by  association  of 
the  molecules  of  these  compounds.  Nevertheless  even  in  these  cases  the  boiling  points  of  chlorine,  bromine  and 
iodine  compounds  are  interconnected  with  atomic  refractions  of  the  halogens. 

Below  are  sliown  the  boiling  points,  both  found  and  calculated  from  the  graph,  for  some  inorganic  halides. 


Halides  of  elements  of  Group  I 

HBr 

—68.7°,  calc.- 

-  65°(fromIIGl  - 

-  85°  &  III 

-35.7°) 

LiBr 

1310, 

1310 

i  " 

LiGI 

1382  &  Lil 

1189) 

NaBr 

1395, 

1370 

(  " 

NaGl 

1413 

Sc  N  a  I 

1300) 

KGl 

1415, 

1420 

(  " 

KF 

1505 

Sc  KBr 

1380) 

KI 

1319, 

1320 

(  " 

KF 

1505 

&  KBr 

1380) 

Gu2Br2 

1345, 

1335 

(  " 

0112^^2 

RbF 

1366 

Sc  Gu2f2 

1290) 

RbGl 

1385, 

1370 

(  " 

1410 

&;  RbBr 

1345) 
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Halides  of  elements  of  Group  II 

ZnBrg  650°,  calc.  680°(fromZnCl2  732°  &  Znlg  624°) 

CdBra  810,  "  810  (  ’’  CdClj  900  &  Cd  710) 

HgBr2  325,  "  320  (  -  IlgCIg  301  ftHglg  349) 

Halides  of  elements  of  Group  IB 

BBrs  90°,  calc  .  95S(from  BCU  12.5°  &  BI3  210°) 

AlBr.,  ’260,  "  266  (  -  AlCfs  183  &  AII3  382) 

GaBr3  278.8,  "  260  (  ’  GaCl3  201  StGalj  345,  sublim.) 

Halides  of  elements  of  Group  IV 

SiBr^  153°,  calc.  155°(fromSiCl4  57.6°  &  Sil4  290*) 
SiHBra  111.8,  "  111  (  "  SillClg  33  &SiHl3  220) 

TiBr4  230,  "  230  (  "  TiCl4  135.4  &Til4  360) 

GeUr4  186.5,  "  204  (  "  G0CI4  83.1  &Gel4  375) 

SnBr4  201,  "  206  (  "  SnCU  113.0  &  SnI  4  340) 

SnBra  619,  "  650  (  “  SnClg  603  &  SnI  2  720) 

Halides  of  elements  of  Groups  V  and  VI 

POCI3  107.23°,calc.  115f(from  POF3  —40°  &  POBrj  193°) 
AsBrj  221,  "  242  (  •  ASCI3  130  &  A.SI3  400) 

NbClg  240.5,  -  254  (  ’'  NbFg  229  &  NbBrg  270) 

BiBrj  453,  "  470  (  -  BiClg  447  &  Bilg  500) 

SeOGIa  179.4,  "  183  (  "  SCOF2I24  &SeOBr2  217) 


Not  any  less  Interesting  Is  the  calculation  of  boiling  point  of  elemental  fluorine  from  the  boiling  points  of 
chlorine  and  bromine: 


Fj-  188%  calculated  -189“  (from  Clj-  33.9“  and  Brj  58.7“). 


In  following  communications  It  will  be  shown  that  by  an  analogous  manner  one  Is  able  to  approximately 
calculate  the  boiling  points  of  heteroorganlc  compounds  of  some  other  groups  of  the  periodic  system,  as  for  exam¬ 
ple,  the  boiling  points  of  organic  compounds  of  sulfur  from  the  boiling  points  of  analogous  selenium  and  oxygen 
compounds,  the  boiling  points  of  organophosphorus  compounds  from  the  boiling  points  of  analogous  nitrogenous 
and  arsenic  compounds  and  some  others. 


SUMMARY 


On  the  basis  of  generalization  of  data  on  the  effect  of  fluorine  and  some  other  elements  on  the  boiling  point 
of  organic  and  Inorganic  compounds  there  was  brought  out  a  new  relationship  between  the  boiling  points  and  atomic 
refraction  of  elements  entering  their  compositions,  and  a  simple  method  of  calculation  of  boiling  points  of  new 
compounds  was  suggested. 
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STUDIES  IN  THE  FIELD  OF  I  SO  QU I  NO  L I N  EC  A  RBO  X  Y  L  IC  ACIDS 

I.  PREPARATION  OF  7,8-DIMETHOXYISOCARBOSTYRYL-3-CARBOX YLIC  ACID, 
ITS  ESTERS  AND  7,8-DIMETHOXYISOCARBOSTYRYL 

L.  I.  Linevlch 


In  the  group  of  isoquinoline  compounds  one  meets  a  great  number  of  physiologically  active  substances, many 
of  which  have  found  an  area  of  application  as  medicinal  substances.  The  acids  of  this  series  remain  an  insufficiently 
studied  and  difficultly  accessible  group  of  isoquinoline  compounds;  only  a  few  of  its  representatives  have  been 
described  in  the  literature  and  the  data  on  the  biological  activity  of  these  substances  are  very  limited.  Therefore, 
a  study  of  this  group  of  isoquinoline  compounds  and,  specifically,  the  development  of  methods  for  their  synthesis 
present  some  interest.  To  the  study  of  acids  of  isoquinoline  series  one  is  also  drawn  by  the  fact  that  among  deriva¬ 
tives  of  acids,  close  to  these  in  structure,  of  the  pyridine  and  quinoline  series,  many  have  found  an  application  in 
medicine  (phthivaside,  cordiamine,nupercaine). 

Our  problem  consisted  of  the  development  of  methods  of  preparation  of  a  series  of  alkoxy  substituted  acids 
of  the  isoquinoline  group,  as  well  as  some  of  their  derivatives,  from  readily  accessible  raw  materials  —  opianic 
acid  (5,6-dimethoxy-o-aldehydobenzoic  acid),  which  is  a  waste  product  in  the  production  and  treatment  of  opium 
alkaloids.  For  preparation  of  carboxylic  acids  of  the  isoquinoline  series  from  opianic  acid,  the  first  step  of  the 
synthesis  consists  of  the  preparation  of  7,8-dimethoxyisocarbostyryl-3-carboxylic  acid,  to  the  development  of 
which  synthesis  the  present  paper  is  devoted.  The  development  of  a  convenient  method,  for  the  preparative  pur¬ 
poses,  of  synthesis  of  this  acid,  as  well  as  its  esters,  affords  the  possibility  of  realizing  various  syntheses  of  a  whole 
series  of  isoquinoline  derivatives,  using  these  substances  as  starting  materials. 

Two  methods  of  preparation  of  7,8-dimethoxyisocarbo3tyryl-3-carboxyllc  acid  are  described  in  the  litera¬ 
ture  starting  with  difficultly  accessible  methyl  ester  of  opianic  acid,  but  neither  of  these  methods  assures  a  good 
yield  [1,  2].  By  introducing  several  changes  into  Bain’s  method  [1]  we  realized  the  syntliesis  of  7,8-dimethoxy- 
isocarbostyryl-3-carboxylic  acid  according  to  the  scheme  shown  below  with  attainment  of  a  high  over-all  yield 
of  acid  (HI) (see  diagram  at  top  of  following  page). 

For  tile  starting  material  we  used  not  the  difficultly  obtainable  a-methyl  ester  of  opianic  acid,  but  the 
a-benzyl  ester  (I)  which  is  readily  obtained  by  method  [3]  from  the  potassium  salt  of  opianic  acid  and  benzyl 
chloride.  Following  the  directions  of  [4]  we  raised  the  amount  of  benzyl  chloride  used  in  the  reaction.  This 
permitted  us  to  raise  the  yield  of  the  ester  from  60%  to  nearly  quantitative.  In  the  condensation  of  a-benzyl 
ester  (I)  with  hippuric  acid  under  conditions  under  which  Bain  and  co-workers  obtained  oxazolone  from  a-metiiyl 
ester  of  opianic  acid  [1],  tiiere  is  obtained  2-phenyl-4-(o-carboxybenzyl-m,p-dlmethoxybenzal)-5-oxazolone(II) 
in  a  low  yield  (40-45%).*  By  introduction  of  potassium  carbonate  salts  [5]  into  the  reaction  mixture  we  succeeded 
in  raising  the  yield  of  oxazolone  by  a  factor  of  two,  i.  e.,  to  85%. 

The  oxazolone  (II)  prepared  by  us  had  not  been  previously  described;  just  like  the  oxazolone  described  by 
Bain  and  co-workers  [1],  it  is  readily  hydrolyzed  on  being  boiled  with  a  solution  of  caustic  alkali.  The  total 
yield  of  acid  (III)  in  its  preparation  by  the  above-described  method  was  about  80%,  calculated  on  the  original 
potassium  salt  of  opianic  acid.  For  characterization  of  7,8-dimethoxyisocarbostyryl-3-carboxylicacid  (III)  and 


*  The  given  oxazolone  was  prepared  by  the  same  method  by  student  O.  O.Evdokov. 
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for  the  further  preparative  work,  there  was  prepared  a  series  of  its  esters:  methyl,  ethyl,  propyl  and  butyl  (IV)- 
(VII),  among  which  the  last  two  had  not  been  previously  described.  The  esters  were  obtained  in  satisfactory  yields 
on  heating  of  the  acid  with  alcohols  and  sulfuric  acid.  For  preparation  of  the  butyl  ester  the  temperature  must  not 
be  allowed  to  rise  in  the  reaction  mixture  above  70*.  At  higher  temperatures  there  occurs,  besides  tlie  esterifica¬ 
tion,  a  cleavage  of  one  of  the  methoxyl  groups  from  the  isoquinoline  nucleus  and  there  is  formed  the  butyl  ester 
of  (7  7)-methoxy-(87)-hydroxyisocarbostyryl-3-carboxylicacid  (VIII),  which  had  not  been  described  previously  in 
die  literature. 

The  reaction  of  decarboxylation  was  run  with  7,8-dlmethoxylsocarbo6tyryl-3-carboxyllc  acid,  as  the  result 
of  which  there  was  obtained  some  7,8-dimethoxyisocarbostyryl  (IX)  —  a  substance  which  is  a  convenient  material 
for  syndiesls  of  a  series  of  isoquinoline  compounds  which  do  not  contain  a  carboxyl  group. 

EXPERIMENTAL 

Preparation  of  g-benzyl  ester  of  oplanic  acid  (I).  Into  a  round-bottomed  flask,  provided  with  a  mechanical 
stirrer  and  a  reflux  condenser,  connected  to  a  calcium  chloride  tube,  there  was  placed  24.8  g  of  finely  powdered 
anhydrous  potassium  salt  of  oplanic  acid  •  and  75  ml  of  benzyl  chloride.  With  constant  stirring  the  mixture  was 
heated  on  an  oil  bath  to  130-150*  over  1.5  hr.  After  cooling,  the  reaction  mixture  was  filtered.  Benzyl  chloride 
was  distilled  in  vacuo  from  the  filtrate.  The  residue  which  was  the  a-benzyl  ester  of  opianlc  acid  (I),  crystallized 
on  cooling.  Its  yield  was  29.9  g  (99.1%).  M.  p.  82-83*  (from  alcohol)  (82-83*  [3]). 

Preparation  of  2-phenyl -4-(o-carboxybenzyl-m,p-dimethoxybenzal)-5-oxazo lone  (II).  3  g  of  a-benzyl 
ester  of  oplanic  acid,  1.79  g  of  hippuric  acid  and  1.38  g  of  potassium  carbonate  (or  the  equivalent  amount  of 
potassium  bicarbonate)  were  powdered  finely  and  mixed.  To  the  mixture  which  had  been  placed  into  a  flask, 
ftxere  was  added  3.7  ml  of  acetic  anhydride,  the  flask  was  stoppered  with  a  cork  carrying  a  calcium  chloride  tube 
and  a  ftiermometer  reaching  the  bottom  of  die  flask,  and  the  reaction  mixture  was  shaken  energetically.  The 
reacdonwas  run  without  any  external  heating.  The  reaction  mixture  turned  yellow  and  warmed  up  to  40-50*;  the 
solids  dissolved  completely  at  first,  then  the  whole  mass  crystallized.  The  mixture  was  left  at  room  temperature 
for  16  hrs,  after  which  diere  was  added  15  ml  of  hot  water.  The  crystalline  product  was  filtered  off  after  3  hrs 
and  was  washed  with  water.  M.  p.  158”  (from  glacial  acetic  acid  and  from  alcohol).  The  yield  was  7.53  g  (85<^). 

2-Phenyl-4-(o-carboxybenzyl-m,p-dlmethoxybenzal)-5-oxazolone  (II)  is  a  yellow  crystalline  substance, 
sparingly  soluble  In  water;  Its  solubility  In  the  majority  of  organic  solvents  Is  negligible. 


*  For  preparation  of  pure  potassium  salt  of  oplanic  acid,  the  commercial  opianlc  acid  was  subjected  to  purifica¬ 
tion  by  method  [6]  and  was  neutralized  wlfii  potassium  carbonate. 
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Found  C  70.35;  H  4.76;  N  3.32.  C26H21O5N.  Calculated  %:  C  70.42;  H  4.78;  N  3.16. 

Preparation  of  7,8-dimethoxylsocarbostyryI-3-carboxyllc  acid  (III).  2- Fhenyl-4-(o-carboxybenzyl-m ,p- 
diinethoxybenzal)“5-oxazolone  (4.43  g)  was  heated  with  45  ml  of  10%  aqueous  solution  of  potassium  hydroxide 
in  an  apparatus  for  steam  distillation.  The  hydrolysis  was  run  with  passage  of  steam  Into  the  apparatus,  thus  distil¬ 
ling  the  resulting  benzyl  alcohol.  After  termination  of  distillation  of  benzyl  alcohol,  the  hydrolyzate  was  filtered 
and  acidified  with  hydrochloric  acid  to  Congo  red.  Upon  this  acidification  there  precipitated  from  the  solution 
7,8-dimethoxylsocarbostyryl-3-carboxylic  and  benzoic  acids.  Benzoic  acid  was  steam  distilled  from  this  mixture 
(the  presence  of  benzoic  acid  In  the  distillate  was  verified  by  a  test  with  ferric  chloride),  while  the  7,8-dimethoxy- 
isocarbostyryl-3-carboxylic  acid  was  filtered  off.  The  yield  was  2.44  g  (98%);  m.  p.  261"  (on  Macquenne  block) 
(from  glacial  acetic  acid),  which  agreed  with  literature  data  [1]. 

Preparation  of  esters  of  7,8-dlmethoxyisocarbostyryl-3-carboxylic  acid  (IV)-(VI).  a)  A  mixture  of  2.49  g 
of  7,8-dimethoxyisocarbostyryl-3-carboxyllc  acid,  50  ml  of  anhydrous  alcohol  (methyl,  ethyl  or  propyl)  and  1.35 
ml  of  sulfuric  acid  (d  1.84)  was  heated  In  a  flask  under  a  reflux  condenser  for  9  hrs  on  a  boiling  water  bath.  The 
resulting  solution  was  poured  into  150  g  of  a  mixture  of  ice  and  water,  containing  3  g  of  sodium  carbonate.  The 
ester  which  crystallized  from  the  mixture  was  rapidly  filtered  off  and  washed  witii  water  until  neutral  to  [^enol- 
phthalein.  The  filtrate  was  acidified  with  hydrochloric  acid  to  Congo  red  and  the  precipitated  7,8-dimethoxyiso- 
carbostyryl-3-carboxylicacid  was  filtered  off.  The  yield  of  the  methyl  ester  (IV)  was  1.70  g  (65%),  m.  p.  195* 
(from  methyl  alcohol)  (m.  p.  195"  [1]).  The  yield  of  the  ethyl  ester  (V)  was  1.08  g  (75%),  m.  p.  180"  (from  ethyl 
alcohol)  (m.  p.  179*  [1]).  The  yield  of  the  propyl  ester  (VI)  was  2.25  g  (77%),  m.  p.  146"  (from  propyl  alcohol). 

Found  %:  C  61.67;  H  5.81;  N  4.74.  CisH^OgN.  Calculated  %:  C  61.84;  H  5.88;  N  4.81. 

b)  Preparation  of  butyl  ester  (VII).  7,8-Dimethoxyisocarbostyryl-3-carboxylic  acid  (2.49  g)  was  dissolved 
with  heating  in  200  ml  of  butyl  alcohol.  To  the  solution, cooled  to  60-65",  there  was  added  1.2  ml  of  sulfuric  acid 
(d  1.84)  and  the  mixture  was  heated  under  a  reflux  condenser  for  24  hrs  at  60-65*.  The  resulting  solution  was 
washed  with  water,  2%  solution  of  sodium  carbonate  and  again  with  water  until  neutral  to  phenol  piithal  el  n.  The 
washed  solution  of  the  butyl  ester  in  butyl  alcohol  was  then  dried  with  anhydrous  sodium  sulfate,  after  which  the 
butyl  alcohol  was  distilled  from  it  in  vacuo.  The  yield  was  1.86  g  (64%);  m.  p.  128"  (from  butyl  alcohol). 

Found  %:  C  62.90;  H  6.09;  N  4.70.  CjeHigOgN.  Calculated  %:  C  62.94;  H  6.27;  N  4.59. 

The  esters  of  7,8-dimethoxyisocarbc8tyryl-3-carboxylic  acid  are  colorless  crystalline  substances.  The  melt¬ 
ing  points  in  their  series  drop  with  increase  in  molecular  weight.  The  esters  are  soluble  in  organic  solvents,  with 
the  higher  homologs  being  more  soluble  than  the  lower  ones;  the  esters  are  practically  insoluble  in  water.  Alco¬ 
holic  solutions  of  the  esters  give  a  green  color  with  ferric  chloride. 

Cleavage  of  a  methoxyl  radical  from  7,8-dimethoxyisocarbcstyryl-3-carboxylicacid  during  its  esterifica¬ 
tion  with  butyl  alcohol.  A  mixture  of  2.49  g  of  7,8-dimethoxyisocarbostyryl-3-carboxyllcacid,  50  ml  of  butyl 
alcohol  and  1.5  ml  of  sulfuric  acid  (d  1.84)  was  heated  in  a  flask  with  a  reflux  condenser,  provided  with  a  calcium 
chloride  tube,  on  a  boiling  water  bath.  The  solution  formed  after  heating  the  mixture  for  8  hrs  was  left  overnight 
in  a  refrigerator.  The  crystallized  substance  was  filtered  off  and  washed  with  butyl  alcohol.  The  product  was  dis¬ 
solved  in  20  ml  of  acetone,  tlie  acetone  solution  was  filtered  and  poured  into  40  ml  of  a  mixture  of  ice  and  water 
containing  0.3  g  of  sodium  carbonate.  The  (VIII)  ester  which  crystallized  thereby  was  filtered  off  and  washed  with 
water  until  neutral  to  phenolphthalein.  The  yield  was  1.23  g  (42%);  m.  p.  168"  (from  toluene). 

Butyl  ester  of  (7?)-methoxy-(8?)-hydroxylsocarbostyryl-3-carboxyllcacid  (VIII)  was  a  colorless  crystalline 
substance,  soluble  in  most  organic  solvents  and  practically  insoluble  in  water.  It  gave  a  green  color  with  ferric 
chloride.  It  reacts  with  phosphorus  oxychloride,  forming  a  {xoduct  (not  isolated  in  the  pure  state)  which  hydrolyzes 
very  easily  to  the  original  butyl  ester  of  methoxyhydroxylsocarbostyryl-3-carboxylic  acid. 

Found  %:  C  62.02;  H  6,00;  N  4.89.  M  288;  active  H  1.97.  CisHiyOgN.  Calculated  %:  C  61.84;  H  5.88; 
N  4.81;  M  291;  active  H  2. 

Decarboxylation  of  7,8-dimethoxycarbostyryl-3-carboxylic  acid  was  conducted  by  heating  this  acid  on  a 
salt  bath  at  270-300".  The  heating  was  extended  for  1  hr  after  which  the  mass  was  treated  several  times  with  1% 
solution  of  potassium  carbonate  with  heating.  The  undissolved  residue  was  filtered  off.  7,8-Dimethoxyisocarbo- 
styrylwas  sublimated  from  the  residue.  The  yield  was  73%.  M.  p.  233",  corresponded  to  the  literature  data  p.]. 
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7,8-Dijnethoxylsocarbostyryl  (IX)  Is  a  colorless  substance  which  Is  practically  Insoluble  In  the  majority  of 
organic  solvents;  It  crystallizes  well  from  dloxane.  Its  alcoholic  solutions  give  a  green  color  with  ferric  chloride. 

All  the  experiments  described  above  are  well  reproduced  wltfi  larger  amounts  (for  example,  10-15  fold)  of 
the  reagents. 


SUMMARY 

1.  A  method  for  the  synthesis  of  7,8-dlmethoxylsocarbostyryl-3-carboxyllc  acid  was  developed  (using  as 
the  basis  the  metfiod  of  Bain  and  co-workers)  with  the  over-all  yield  of  about  80%,  calculated  on  the  original 
potassium  salt  of  oplanlc  acid. 

2.  Four  esters  of  7,8-dlmethoxylsocarbostyryl-3-carboxyllc  acid,  two  of  which  (propyl  and  butyl),  had  not 
previously  been  described  In  the  llteratiire,  were  prepared  in  satisfactory  yields. 

3.  It  was  shown  that  during  the  esterification  of  7,8-dlmethoxyisocarbostyryl-3-carboxyllc  acid  with  butyl 
alcohol  In  tile  presence  of  sulfuric  acid  at  a  temperature  about  100*  there  occurs  the  cleavage  of  one  of  the  meth- 
oxyl  groups  at  the  isoqulnollne  ring. 

4.  A  technique  of  preparative  synthesis  of  7,8-dlmethoxylsocarbostyryl  was  developed. 
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STUDIES  IN  THE  FIELD  OF  I  SO  QU INOL  IN  EC  A  RBOX  YL IC  ACIDS 

II.  PREPARATION  OF  1-CHLORO  SUBSTITUTED  CARBOXYLIC  ACID  OF  THE 
ISOQUINOLINE  SERIES,  ITS  CHLORIDE  AND  ESTERS  AND  SOME  DATA  ON  MOBILITY 
OF  CHLORINE  IN  1-POSITION  OF  THE  ISOQUINOLINE  NUCLEUS 

L.  I.  Llnevich 


The  goal  of  this  study  was  the  development  of  synthesis  of  a  series  of  trlalkoxy  substituted  acids  of  the  Iso- 
qulnollne  group  and  some  of  their  derivatives  from  oplanlc  acid  (5,6-dlmethoxy-o-aldehydobenzolc  acid),  which 
is  a  waste  product  from  the  production  of  opium  alkaloids.  We  have  already  written  [1]  about  the  first  steps  of  the 
synthesis,  which  consisted  of  the  preparation  of  7,8-dimethoxyisocarbostyryl-3-carboxyllc  acid  (I)  and  its  esters 
(n)-(V). 


The  problem  in  tire  present  study  consisted  of  the  transformation  of  compounds  of  the  Isocarbostyryl  series 
(I)-(V)  into  derivatives  of  1-chlorolsoqulnoline  (VI)-(XI),  from  which,  by  replacement  of  the  chlorine  atom  by 
alkoxy  groups,  it  is  possible  to  prepare  a  series  of  trlalkoxy  substituted  acids  of  the  isoquinoline  group  and  their 
derivatives. 

We  used  phosphorus  oxychloride  and  phosphorus  pentachloride  for  the  chlorinating  agents.  It  turned  out 
that  the  chlorination  of  derivatives  of  Isocarbostyryl  (I)-(V)  proceeds  under  the  same  conditions,  but  that  the  rate 
of  the  reaction  is  noticeably  affected  by  the  substituent  in  position  3  of  the  Isoqulnollne  ring.  Chlorination  of 
acid  (I)  was  run  in  an  organic  solvent  with  a  mixture  of  phosphorus  pentachloride  and  oxychloride  or  by  the  action 
of  excess  phosphorus  oxychloride.  Under  such  conditions  there  takes  place  the  formation  of  the  chloride  of  1-chloro- 
7,8-dlmethoxylsoqulnollne-3-carboxyllc  acid  (VI).  This  acyl  chloride  is  notable  for  its  stability  in  cold  water 
and  does  not  dissolve  in  a  solution  of  sodium  carbonate.  The  stability  of  this  chloride  in  cold  water  is  evidently 
the  result  of  its  insolubility  in  the  latter.  Literature  data  show  ,  for  example,  a  similar  behavior  in  water  of 
compounds  close  to  it  chemically,  as  for  Instance,  the  chloride  of  qulnollne-4-carboxyllc  acid  [2]. 
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l-Chloro-7,8-dimethoxylsoqulnoIlne-3-carboxylic  acid  (VII)  was  prepared  as  the  result  of  hydrolysis  of  Its 
acyl  chloride  (VI)  with  caustic  alkali.  For  characterization  of  the  acid  there  was  prepared  from  It  by  the  action 
of  dlazomethane  the  corresponding  methyl  ester  (VIII).  The  preparative  synthesis  of  a  series  of  esters  of  this  acid 
was  realized  by:  a)  chlorination  of  corresponding  esters  of  7,8-dimetIioxyisocarbostyryl-3-carboxyllc  acid  (II)-(V) 
and  by  b)  action  of  equimolar  amounts  of  sodium  alcoholates  dissolved  In  appropriate  alcohols  on  the  chloride  of 
l-chloro-7,8-dlmethoxylsoqulnollne-3-carboxyllc  acid  (VI).  Thus  were  prepared  methyl  (VIII),  ethyl  (IX),  propyl 
(X)  and  butyl  (XI)  esters  of  the  chloro  substituted  acid.  The  first  method  of  their  preparation  turned  out  to  be  the 
better  one,  since  It  assured  higher  yields  of  the  esters. 

We  failed  to  prepare  these  esters  by  heating  the  chloro  substituted  acid  (VII)  with  excess  of  the  alcohols  In 
the  presence  of  sulfuric  or  hydrochloric  acids.  It  turned  out  that  under  tfiese  conditions  the  chlorine  in  1-position 
of  the  isoqulnollne  nucleus  Is  rather  mobile  and  for  this  reason,  along  with  the  esterification  of  the  carboxyl  group, 
there  occurs  the  substitution  of  the  chlorine  by  a  hydroxy  group,  owing  to  which  there  are  formed  esters  of  7,8- 
dlmethoxylsocarbostyryl-3-carboxyllcacld  (II),  (III).  The  source  of  the  hydroxyl  In  this  reaction  Is  evidently  the 
water  formed  in  the  esterification  reaction. 

A  still  greater  increase  of  the  mobility  of  chlorine  in  1-position  of  the  Isoqulnollne  ring  was  observed  In  the 
attempt  to  prepare  esters  of  the  chloro  substituted  acid  from  Its  acyl  chloride  (VI)  and  an  alcohol.  During  the 
reaction  in  the  cold  of  the  chloride  of  the  chloro  substituted  acid  (VI)  with  methyl  alcohol  there  took  place  the 
formation  of  the  methyl  ester  of  l,7,8-trimetiioxylsoquinollne-3-carboxyllc  acid  (XII).  Thus,  chlorine  in  1-posl- 
tion  of  the  chloride  of  l-chloro-7,8-dlmethoxylsoqulnollne-3-carboxylic  acid  (VI)  by  exchanging  in  the  cold  for 
an  alkoxyl  group  of  an  alcohol,  approaches  the  chlorine  of  acyl  chlorides  In  reactivity. 

Chlorine  In  1-positlon  of  the  isoqulnollne  ring  in  chloro  substituted  acid  (VII),  Its  chloride  (VI)  and  esters 
(VIII)-(XI)  is  rather  stable  In  neutral  and  alkaline  media:  the  acid  and  its  esters  are  not  decomposed  on  being 
heated  with  dry  and  wet  alcohols;  the  chlorine  In  the  isoqulnollne  nucleus  of  the  chloro  substituted  acid  (VII)  and 
Its  chloride  (VI)  is  not  hydrolyzed  when  these  substances  are  heated  with  a  solution  of  alkali;  during  the  action 
of  equimolar  amounts  of  sodium  alcoholates  In  alcoholic  solution  on  the  chloride  (VI),  only  the  chlorine  atom 
bound  to  the  carbonyl  group  is  exchanged  for  the  alkoxy  group,  while  the  chlorine  of  the  isoqulnollne  nucleus  is 
not  exchanged  as  it  happens  in  acid  medium  In  the  absence  of  an  alcoholate. 

The  Increased  mobility  of  chlorine  In  1-positlon  in  the  isoquinoline  nucleus  occurs  under  the  Influence  of 
acids.  Following  facts  speak  of  this,  in  addition  to  those  listed  above:  during  an  attempt  to  recrystallize  the 
chloro  substituted  acid  (VII)  from  acetic  acid  there  was  obtained  a  substance  which  did  not  contain  chlorine;  on 
heating  of  not  only  the  chloro  substituted  acid  (VII)  but  also  its  esters  (VIII)  and  (IX)  with  alcohol  In  the  presence 
of  sulfuric  acid  there  were  obtained  esters  of  7,8-dimethoxylsocarbostyryl-3-carboxyllc  acid  (II)  and  (III). 

The  effect  of  acid  on  the  mobility  of  halogen  In  1-position  of  Isoqulnollne  compounds  was  made  apparent 
also  in  experiments  on  reduction  of  l-chloro-7,8-dlmethoxy-3-isoquinolyl  phenyl  ketone  (XIII).  In  an  attempt 
to  reduce  this  chloro  substituted  ketone  with  tin  and  hydrochloric  acid  in  alcoholic  solution,  there  was  obtained 
7,8-dimethoxy-3-carbostyryl  phenyl  ketone  (XIV).  We  succeeded  in  showing  that  Its  formation  Is  the  result  of  a 
hydrolytic  process  which  proceeds  in  an  acid  medium  during  heating  of  the  chloro  substituted  ketone  (XIII)  with 
alcohol  and  an  inorganic  acid. 
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The  phenomenon  of  Increase  of  halogen  mobility  in  an  acid  medium  in  nitrogenous  heterocyclic  compounds 
was  discovered  in  1944  by  Banks  [3]  in  the  example  of  the  reaction  of  substitution  of  chlorine  in  triazlnes  by  the 
residues  of  substituted  amines;  this  reaction  has  been  studied  but  little  [4,  5].  In  the  isoqulnollne  series  this  phe¬ 
nomenon  has  not  been  studied  at  all;  only  in  1951  there  appeared  a  preliminary  communication  stating  that  1- 
fluorolsoqulnollne  does  not  form  a  hydrochloride  in  dilute  solutions  and  is  easily  hydrolyzed  by  dilute  acid  [6]. 
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The  Increase  of  reactivity  of  chlorine  in  the  isoquinoline  compounds  prepared  by  us,  as  displayed  in  acid 
medium,  is  explained  by  the  fact  that  the  nitrogen  in  these  compounds,  having  a  pair  of  free  electrons,  adds  a 
proton  in  the  acid  medium  and  therefore  obtains  a  positive  charge;  owing  to  this  the  shift  of  the  electron  cloud 
in  tlie  isoquinoline  nucleus  is  increased  in  the  direction  of  nitrogen.  Here  the  electron  density  at  carbon  in  1-posi¬ 
tion  is  particularly  decreased,  since  this  is  located  in  a-posltion  in  respect  to  the  nitrogen.  Therefore,  a  nucleo¬ 
philic  substitution  proceeds  in  this  location  extremely  readily. 

Substituents  in  the  nucleus,  and  specifically  electronegative  substituents  (COCl,  COOH,  COOR,  COCgHs) 
located  in  meta-position  in  respect  to  chlorine,  should  also  act  on  the  mobility  of  chlorine  in  the  compounds  pre¬ 
pared  by  us.  The  fact  that  the  meta-located  electronegative  substituents  do  Increase  the  activity  of  chlorine  in 
an  aromatic  ring  has  been  very  convincingly  shown  by  the  work  of  V.  N.  Ufimtsev  and  M.  M.  Malafeeva  [7].  The 
very  high  reactivity  of  chlorine  in  1-position  of  isoquinoline  derivatives  prepared  by  us  is  evidently  derived  by 
the  combination  of  the  influence  of  nuclear  nitrogen  which  Increases  in  acid  medium  and  the  influence  of  the 
electronegative  substituent  in  meta-position  in  respect  to  the  chlorine  atom. 

EXPERIMENTAL 

Preparation  of  the  chloride  of  l-chloro-7,8-dimethoxyisoquinoline-3-carboxylic  acid  (VI).  a)  Into  a  round - 
bottomed  flask  provided  with  a  reflux  condenser  with  a  calcium  chloride  tube  there  was  placed  10  g  of  phosphorus 
pentachloride,  7.5  ml  of  phosphorus  oxychloride  and  200  ml  of  ethylene  chloride  dried  over  calcium  chloride.  Into 
the  resulting  solution  there  was  added,  in  portions,  2.5  g  of  7,8-dimethoxyisocarbostyryl-3-carboxyllc  acid.  The 
mixture  was  heated  on  a  boiling  water  bath  for  2.5  hrs,  after  which  the  solvent  and  phosphorus  oxychloride  were 
distilled  in  vacuo.  The  residue  was  recrystallized  from  toluene  that  had  been  distilled  from  sodium. 

b)  A  mixture  of  2.5  g  of  7,8-dimethoxyisocarbostyryl-3-carboxylic  acid  with  2.7  ml  of  phosphorus  oxychlor¬ 
ide  was  heated  for  1  hr  on  a  boiling  water  bath  in  a  round -bottomed  flask  provided  with  a  reflux  condenser  with 
a  calcium  chloride  tube.  After  cooling,  the  mixture  was  treated  with  100  g  of  ice  and  the  crystallized  product 
was  filtered  off  and  washed  with  water.  The  weight  of  the  dry  product  was  2.8  g;  m.  p.  167°.  If  the  resulting 
product  is  used  for  the  preparation  of  l-chloro-7,8-dimethoxyisoquinoline-3-carboxylic  acid  (VII),  tiiere  is  no 
need  to  recrystallize  it.  No  depression  was  observed  in  a  mixed  melting  point  of  this  substance  with  the  chloride 
of  l-chloro-7,8-dimethoxyisoquinoline-3-carboxylic  acid  (VI),  prepared  in  experiment  a). 

lire  chloride  of  l-chloro-7  ,  8-dimethoxyisoquinoline-3-carboxylic  acid  (VI)  was  obtained  in  the  form  of 
light  yellow  cryctals;  thp  substance  was  insoluble  in  cold  water  and  in  solutions  of  alkali  carbonates;  it  was  not 
decomposed  by  cold  water,  but  was  hydrolyzed  by  solutions  of  caustic  alkalies;  it  was  readily  soluble  in  organic 
solvents  (benzene,  toluene,  petroleum  etlier);  it  was  decomposed  by  alcohols  both  on  heating  and  in  the  cold. 

Preparation  of  l-chloro-7, 8-dimethoxyisoquinoline-3-carboxylic  acid  (VII).  The  chloride  of  l-chloro-7,8- 
dimethoxyisoquinoline-3-carboxylic  acid  (VI)  (2.86  g)  was  dissolved  with  heating  in  1%  solution  of  potassium 
hydroxide.  The  resulting  solution  was  filtered  and  to  the  filtrate  there  was  added  10%  sulfuric  acid  to  acid  test 
with  Congo  red;  the  crystallized  l-chloro-7, 8-dimethoxyisoquinoline-3-carboxylic  acid  (VI)  was  filtered  off, 
washed  with  water  and  recrystallized  from  alcohol. 

Methyl  ester  of  l-chloro-7,8-dimethoxyisoquinoline-3-carboxylic  acid  (VIII)  was  prepared  by  the  action 
of  an  ethereal  solution  of  diazomethane  on  the  solution  of  0.1  g  of  the  acid  in  40  ml  of  methyl  alcohol.  (The 
methods  of  preparative  synthesis  of  this  ester  are  described  below.)  The  residue  after  the  distillation  of  excess 
diazomethane  and  solvents  from  the  reaction  mixture  was  dissolved  in  methyl  alcohol,  tiie  solution  was  filtered 
and  poured  into  a  mixture  of  ice  with  an  aqueous  solution  of  sodium  carbonate.  The  crystallized  ester  was  Al¬ 
tered  off,  washed  with  water  until  neutral  to  phenolphthalein  and  recrystallized  from  methyl  alcohol. 

Preparation  of  esters  of  l-chloro-7,8-dimethoxyisoquinoline-3-carboxylic  acid  (VIII)-(XI).  a)Chlorination 
of  esters  of  7,8-dimethoxyisocarbostyryl-3-carboxylic  acid  (II)-(V).  A  mixture  of  2.63  g  of  methyl  ester  of  7,8- 
dimethoxylsocarbostyryl-3-carboxylicacid  (or  the  equivalent  amount  of  ethyl,  propyl,  or  butyl  ester)  and  2.73  ml 
of  phosphorus  oxychloride  was  heated  in  a  round-bottomed  flask,  provided  with  a  reftux  condenser  with  a  calcium 
chloride  tube,  on  a  water  bath  for  2  hrs,  after  which  the  excess  phosphorus  oxychloride  was  distilled  in  vacuo.  For 
puriftcation  of  the  methyl  (VIII),  ethyl  (IX)  and  propyl  (X)  esters,  the  residue  was  washed  with  a  small  amount  of 
the  corresponding  alcohol,  dissolved  with  heating  in  the  same  alcohol;  the  solution  was  filtered  and  poured  into 
450  g  of  a  mixture  of  ice  with  water  containing  0.5  g  of  sodium  carbonate.  The  crystallized  ester  was  filtered 
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off,  washed  witii  water  until  neutral  to  phenolphthaleln  and  recrystallized  from  the  corresponding  alcohol.  For 
purification  of  the  butyl  ester  (XI),  the  residue  after  the  distillation  of  phosphorus  oxychloride  was  dissolved  in 
dioxane  and  the  dioxane  solution  was  poured  into  a  mixture  of  Ice  and  water  containing  some  sodium  carbonate. 
The  ester  was  recrystallized  from  butyl  alcohol  by  freezing  out. 

b)  Action  of  sodium  alcoholate  on  die  chloride  of  l-chloro-7,8-dlmethoxylsoqulnollne-3~carboxyllc  acid 
(VI).  Metallic  sodium  (0.23  g)  was  dissolved  In  anhydrous  alcohol  (40  ml  of  methyl,  ethyl,  propyl  or  8  ml  of 
butyl)  and  the  alcoholate  solution  was  quantitatively  transferred  Into  a  flask  with  2.86  g  of  chloride  of  1-chloro- 
7,8-dlmetiioxylsoquinollne-3-carboxyllc  acid  (VI).  The  reaction  mixture  was  left  overnight  In  a  tightly  closed 
flask.  The  resulting  solution  was  poured  Into  200  g  of  Ice  (pH  of  die  medium  In  the  resultli^  mixture  should  be 
basic).  The  crystallized  products  (VIII)-(X)  were  rapidly  filtered  off  and  washed  with  Ice  water  until  neutral  to 
phenolphthaleln.  In  the  preparation  of  the  butyl  ester  (XI),  the  reaction  mixture  after  completion  of  the  reaction 
was  diluted  with  30  ml  of  dioxane  and  die  resulting  soludon  was  poured  Into  250  g  of  mixture  of  Ice  and  water. 
The  separated  ester  was  filtered  off,  washed  with  water  until  neutral  to  phenolphthaleln  and  recrystallized  from 
ethyl  alcohol. 

The  corresponding  esters  (VIII)-(XI)  prepared  by  the  different  methods  melted  at  the  same  temperature  (see 
table)  and  gave  no  depression  In  mixed  melting  points  of  appropriate  specimens. 

l-Chloro-7,8-dimethoxylsoquinoline-3-carboxylic  Acid  and  Its  Derivatives 
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The  four  esters  of  l-chloro-7,8-dlmethoxylsoquinollne-3-carboxylic  acid  prepared  by  us  (methy,  ethyl, 
propyl,  and  butyl)  are  colorless  crystalline  substances.  The  melting  points  In  dielr  series  are  lower  for  the  higher 
homologs  dian  for  die  lower  ones.  The  esters  are  practically  Insoluble  In  water,  but  they  are  soluble  In  the  ma¬ 
jority  of  organic  solvents,  the  solubility  being  greater  among  the  higher  homologs  than  the  lower  ones. 

Hydrolysis  of  chlorine  In  l-chloro-7,8-dlmedioxylsoqulnollne-3-carboxyllc  acid  and  Its  esters  In  acid  me¬ 
dium.  a)  A  mixture  of  0.27  g  of  l-chloro-7,8-dimethoxyisoqulnollne-3-carboxyllc  acid  (VII)  or  0.28  g  of  Its 
methyl  ester  (VIII),  5  ml  of  methyl  alcohol  and  0.15  ml  of  sulfiirlc  acid  (d  1.84)  was  heated  on  a  boiling  water 
bath  for  6  hrs  In  a  flask  with  a  reflux  condenser  provided  with  a  calcium  chloride  tube.  The  resulting  solution 
was  poured  Into  15  g  of  Ice  and  water  containing  0.3  g  of  sodium  carbonate.  The  crystallized  ester  was  filtered 
off,  washed  with  water  until  neutral  to  phenolphthaleln.  The  yield  was  0.17  g  (jobojo)  of  methyl  ester  of  7,8-dl- 
methoxylsocarbostyryl-3-carboxylicacld  (II)  with  m.  p.  195“  (from  alcohol)  (m.  p.  195“  [8, 1]).  The  mixed  melt¬ 
ing  point  with  methyl  ester  of  7,8-dlmethoxylsocarbo8tyryl-3-carboxyllcacld  prepared  by  us  previously  by  another 
method  [1]  gave  no  depression. 

b)  From  0.27  g  of  l-chloro-7,8-dlmethoxyisoquinollne-3-carboxyllc  acid  (VII)  or  0.29  g  of  Its  ethyl  ester 
(IX),  under  the  same  conditions  by  replacement  of  methyl  alcc^ol  by  ethyl  alcohol  there  was  obtained  the 


ethyl  ester  of  7,8-dlmethoxyisocarbostyryl-3-carboxylic  acid  (III).  Yield:  0.21  g  (75%),  m.  p.  179”.  Mixed  melt¬ 
ing  point  with  ethyl  ester  of  7,8-dlmethoxylsocarbostyryl-3-carboxyllc  add  prepared  by  us  previously  by  another 
method  [1.  Jgave  no  depression. 

Metlianolysls  of  chloride  of  l-chloro-7,8-dlmethoxylsoqulnollne-3"carboxyllc  acid.  A  mixture  of  2.86  g 
of  the  chloride  of  l-chloro-7,8-dlmethoxylsoqulnollne-3-carboxyllc  acid  (VI)  and  10  ml  of  anhydrous  methyl 
alcohol  was  kept  In  a  closed  flask  for  16  hrs  at  room  temperature.  The  resulting  solution  was  poured  Into  200  g 
of  a  mixture  of  ice  and  water  containing  1.5  g  of  sodium  carbonate.  The  separated  crystals  of  methyl  ester  of 
l,7,8-trimethoxyisoquinoline-3-carboxyllc  acid  (XII)  were  filtered  off  and  washed  with  water  until  neutral  to 
phenolphthaleln.  M.  p.  131"  (from  methyl  alcohol).  The  ester  did  not  contain  active  hydrogen.  The  Bellsteln 
test  and  the  test  with  ferric  chloride  were  negative. 

Found  %:  CH3O  44.02;  M  286.  C14H15O5N.  Calculated  %:  CH3O  44.72;  M  277. 

Hydrolysis  of  chlorine  In  l-chloro“7,8-dlmethoxyiso-3-quinolyl  phenyl  ketone  (XIII)  In  acid  medium.  A 
mixture  of  0.3  g  of  l-chloro-7,8-dlmethoxy-3-isoquinolyl  phenyl  ketone  (XIII),  10  ml  of  methyl  alcohol  and  0.15 
ml  of  sulfuric  acid  (d  1.84)  was  heated  on  a  boiling  water  bath  for  8  hrs  in  a  flask  with  a  reflux  condenser.  The 
mixture  was  cooled,  the  precipitate  was  filtered  off,  washed  with  alcohol,  2%  solution  of  sodium  carbonate  and 
water  until  neutral  to  phenolphthaleln.  The  yield  was  0.15  g  (50%)  of  7,8-dlmethoxy-3-lsocarbostyryl  phenyl  ke¬ 
tone  (XIV)  with  m.  p.  199"  (from  alcohol)  (m.  p.  199°  [9,  10]).  The  mixed  melting  point  with  7,8-dimethQxy- 
3-isocarbostyryl  phenyl  ketone  prepared  by  us  by  another  method  [9,  10]  gave  no  depression. 

SUMMARY 

1.  l-Chloro-7,8-dimethoxyisoqulnoline-3-carboxylic  acid  and  Its  chloride  were  prepared. 

2.  A  series  of  esters  of  l-chloro-7,8-dlmethoxylsoquinollne-3-carboxylic  acid  (methyl.ethyl,  propyl,  and 
butyl)  were  prepared  by  two  methods. 

3.  It  was  hown  that  the  mobility  of  chlorine  in  l-position  in  the  isoqulnollne  nucleus  in  the  above  com- 
pxjunds  shows  an  increase  in  acid  medium  and  that  this  chlorine  is  readily  subjected  to  hydrolysis  and  alcoholysis. 

4.  It  was  shown  that  chlorine  In  l-chloro-7,8-dimethoxy-3-lsoquinolyl  phenyl  ketone  Is  readily  hydrolyzed 
in  acid  medium. 
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SYNTHESIS  OF  AMINO  ACIDS  OF  ALIPHATIC  SERIES  FROM 
THIOPHENE  DERIVATIVES 

m.  SYNTHESIS  OF  w- AMINO  ACIDS 
B.  P.  Fabrlchnyl,  I.  F.  Shalavlna,  and  la.  L.  Gol’dfarb 


w- Amino  acids  and  die  lactams  formed  by  them  have  acquired  a  great  significance  in  recent  years  mainly 
as  the  raw  materials  for  the  production  of  synthetic  polyamide  fibers.  Owing  to  this,  the  Interest  sliown  by  the 
investigators  in  studies  of  new  methods  of  synthesis  of  amino  acids  of  this  type  becomes  understandable. 

As  it  is  known,  one  of  the  methods  of  preparation  of  lactams  with  6-8  atoms  of  carbon  is  based  on  the  use 
of  the  Beckmann  rearrangement  of  oximes  of  the  corresponding  cyclic  ketones,  but  this  method  is  ill-suited  for 
synthesis  of  lactams  with  a  greater  number  of  carbon  atoms  in  die  molecule  since  the  starting  ketones  are  difficult 
to  obtain.  The  higher  a;- amino  acids  are  formed  by  the  action  of  ammonia  or  potassium  phthalimide  on  the  corre¬ 
sponding  (j-halogenated  carboxylic  acids  [1,  2],  by  the  cleavage  of  one  molecule  of  water  from  diamides  of  dlcar- 
boxylic  acids  and  by  hydrogenation  of  die  resulting  amides  of  <j-cyanocarboxylic  acids,  as  well  as  from  aliphatic 
dinitrlles  by  reduction  of  one  nitrile  group  and  hydrolysis  of  the  resulting  nitriles  of  oi-amlnocarboxyllc  acids. 

Such  methods  do  not  always  lead  to  the  desired  result  and,  for  example,  an  attempt  by  M.  N.  Bogdanov  [3]  to  pre¬ 
pare  7-amlnoheptanoic  acid  from  the  dinltrlle  of  plmellc  acid  ended  in  failure.  In  1956  Treibs  and  Hauptmann 
[4]  described  a  series  of  a>-amlno  acids  prepared  from  monoamides  of  dicarboxylic  acids  by  the  Hoffrnann  method. 

In  light  of  the  above-cited  data,  a  special  Interest  arises  in  the  method  of  preparation  of  amino  acids  from 
the  products  of  telomerlzation  of  ethylene  and  carbon  tetrachloride,  a  method  developed  at  the  Institute  of  Hetero- 
organic  Compounds  of  the  Academy  of  Sciences,  USSR  [5].  It  should  be  noted,  however,  that  the  necessity  of 
utilization  of  a  relatively  complicated  apparatus  makes  this  method  Inconvenient  at  times  under  die  laboratory 
conditions.  Other  methods  [6,  7]  have  only  a  limited  significance  or  are  based  on  the  utilization  of  natural  sub¬ 
stances.  One  may  indicate  also  the  data  related  to  the  preparation  of  mixtures  of  various  amino  acids  [8].  a»-Amlno 
acids  with  branched  structure  have  been  studied  much  less  and  they  have  been  prepared  mainly  from  oximes  of 
the  substituted  cyclohexanones  [9]. 

Thanks  to  die  method  of  preparation  of  amino  acids  from  thiophene  derivatives,  a  method  developed  by  us 
previously  [10.-12],  the  branched  and  the  unbranched  amino  acids  with  even  or  odd  number  of  atoms  of  carbon  in 
the  molecule  have  become  readily  accessible.  Applied  to  oi-amlno  acids,  this  is  shown  in  the  series  of  examples 
Illustrated  in  the  following  scheme; 


+  ClCO(Cll2)„COOR 


\c/ 


-GO(Cll2)»COOR 
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— *•  Ov  I  — > 

I— GlIaCClULGOOR  j'— (Gn2),nCOOR 
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(IV)  (V) 

H2N(Gn2)5{GH2),+iGOOR  — Il2N(GH2)»+6GOOn 

(VI) 

This  method  was  also  used  by  us  fiat  the  synthesis  of  lO-amino-3-methyldecanolc  acid;  the  substituent 
which  creates  the  branching  of  the  carbon  chain  was  introduced  by  acylation  of  thiophene  with  the  chloride  of 

S  -methyl-  y-carbomethoxybutyrlc  acid.  The  other  possible  starting  materials 
for  the  preparation  of  aliphatic  ui-amlno  acids  with  branched  structure  are 
the  appropriate  amino  acids  of  the  thiophene  series  with  substituents  In  3-  or 
4- positions  of  tile  thiophene  nucleus  as  well  as  amino  acids  with  the  general 
formula  (A),  where  R*  and  R"  are  atoms  of  hydrogen  or  hydrocarbon  residues. 

Esters  of  oxoacids  with  general  formula  (I),  where  R  =  CH3  or  C2H5,  and 
n  =  2,  3  or  4,  were  prepared  by  us  by  acylation  of  thiophene  with  the  chlorides 
of  B  -carbomethoxypropionlc,  y-carbomethoxybutyrlc,  and  6  -carboethoxyvalerlc  acids.  The  yields  of  esters  of 
oxoacids  reached  74-86%.  The  carbonyl  group  In  the  synthesized  esters  was  reduced  with  hydrazine  hydrate  by  a 
modified  Klzhner  method  [13]  (yield:  89-97%).  Since  the  esters  are  hydrolyzed  under  tiiese  conditions,  the  reac¬ 
tion  products  in  these  cases  were  the  acids  with  structure  (II)  (R  =  H).  The  latter  were  esterlfled  prior  to  formyla- 
tion  (yield:  87-92%;  this  stage  is  not  shown  in  the  above  scheme).  The  formylation  of  esters  (II)  was  run  with 
N-methylformanilide  in  the  presence  of  phosphorus  oxychloride  (yield:  77-94%),  while  oxlmation  of  the  resulting 
aldehyde-esters  by  heating  with  hydroxylamlne  gave  yields  above  90%.  In  some  cases  the  resulting  oximes  could 
not  be  crystallized  and  these  were  used  for  the  further  reaction  without  purification.  The  reduction  of  oximlno 
esters  to  esters  of  amino  acids  was  done  with  amalgamated  aluminum  under  conditions  described  previously  [12]. 
Tlie  use  of  oximlno  esters  instead  of  oximlno  acids  at  the  reduction  step  permitted  us  to  raise  considerably  the 
yield  of  the  products  and  to  bring  this  to  88%  in  the  case  of  the  ester  of  e -(5-amlnomethyl-2-thlenyl)-hexanolc 
acid  (V,  R  =  CHg,  n  =  4).  In  connection  with  the  above,  we  shall  note  that  the  substitution  for  the  reduction  of 
the  corresponding  acetylhydrazones  for  the  oximes  of  aldehyde-acids,  as  suggested  by  Decombe  [14],  failed  to 
give  satisfactory  results.  The  corresponding  amino  acids  were  obtained  from  esters  (V)  by  heating  with  a  solution 
of  barium  hydroxide  and  neutralization  with  sulfuric  acid.  In  some  cases  the  resulting  amino  acids  were  not  iso¬ 
lated  as  such,  but  were  converted  Into  the  corresponding  acetyl  derivatives  by  tiie  action  of  acetic  anhydride  In 
alkaline  medium.  This  permitted  us  to  raise  the  yield  of  the  aliphatic  amino  acid  since  the  hydrogenolysls  of  the 
acetyl  derivatives  proceeds  with  better  yield  than  does  the  hydrogenolysls  of  esters  of  amino  acids,  reaching  83.5% 
for  9-acetamidononanoic  add;  the  hydrogenolysls  was  run  by  heating  with  Raney  nickel  in  a  dilute  ammonia 
solution. 

The  hydrochlorides  of  the  amino  acids  were  obtained  by  heating  the  cu-acelamido  acids  with  dilute  hydro¬ 
chloric  acid;  the  melting  points  of  the  former  agreed  with  the  data  cited  in  the  literature. 

By  the  above  technique  we  were  able  to  prepare  the  previously  known  9-aminononanoic  (VI,  n  =  2),  10- 
amlnodecanoic  (VI,  n  =  3),  11-aminoundecanoic  (VI,  n  =  4)  acids,  while  lO-amino-3-methyldecanolc  acid  is 
being  described  for  the  first  time. 

An  attempt  to  prepare  the  ester  of  aliphatic  tu- amino  acid  directly  by  hydrogenolysls  of  the  oxime  of  alde- 
hydo-ester  (IV)  without  resorting  to  the  Intermediate  step  of  reduction  of  the  oxime  to  the  ester  of  the  amino  acid 
(V)  failed  to  give  positive  results  in  the  case  of  5-(3-carbethoxypropyl)-2-thlophenaldoxlme. 

EXPERIMENTAL 

The  esters  of  oxoacids  of  the  thiophene  series  were  synthesized  by  the  action  of  chlorides  of  half-esters  of 
dicarboxylic  acids  on  thiophene  In  benzene  medium  In  the  presence  of  stannic  chloride,  using  ihe  previously  de¬ 
scribed  technique  [15]  into  which  the  following  changes  were  Introduced:  benzene  was  distilled  from  the  solution 
of  the  condensation  product  and  the  residue  was  distilled  In  vacuo.  The  properties  of  the  resulting  esters  of  oxo¬ 
acids  are  shown  in  Table  1. 
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0 -Methyl- y -carbomethoxybutyryl  chloride,  necessary  for  the  preparation  of  0 -methyl- y -(2-thenoyl)- 
butyric  acid,  was  prepared  in  the  following  manner.  0 -Methylglutaric  acid  [18]  was  heated  with  acetic  anhydride 
with  distillation  of  the  resulting  acetic  acid  through  a  fractionating  head  provided  for  total  condensation.  The 
resulting  anhydride  of  0 -methylglutaric  acid  (yield;  81%)  was  refluxed  with  methanol,  ihe  excess  metlianol  was 
distilled  in  vacuo  and  the  residual  acid  methyl  ester  of  0  -methylglutaric  acid  (yield:  80%)  yielded  the  correspond¬ 
ing  chloride  (yield:  95%)  on  being  heated  for  2  hrs  with  thionyl  chloride.  The  method  of  synthesis  used  by  us  per¬ 
mitted  us  to  prepare  the  Intermediate  substances  and  the  chloride  in  better  yields  than  under  previously  described 
conditions  [19]. 

Acids  (II)  were  prepared  by  reduction  of  the  esters  of  oxoaclds  shown  in  Table  1,  by  the  Klzhner  method  as 
modified  by  Huang-Minlon  [13].  The  esters  of  these  acids  were  prepared  by  heating  the  acid  with  a  saturated 
solution  of  hydrogen  chloride  in  the  appropriate  alcohol.  The  constants  of  the  acids  and  their  esters  are  shown  in 
Table  2. 

The  resulting  esters  (II)  were  converted  into  the  corresponding  substituted  2-thlophenaldehydes  by  the  action 
of  N-methylformanilide  in  the  presence  of  phosphorus  oxychloride  [24].  The  oximes  of  the  substituted  2-thlophen¬ 
aldehydes  were  prepared  by  the  action  of  a  slight  excess  of  hydroxylamine  on  the  appropriate  aldehydes  in  dilute 
alcohol. 

5-(y-Carbethoxypropyl)-2-tliiophenaldoxime.  To  a  solution  of  hydroxylamine  (from  6.95  g  of  hydroxyl- 
amine  hydrochloride  in  15  ml  of  water  and  5.3  g  of  sodium  carbonate  in  15  ml  of  water)  there  was  added  22.6  g 
of  5-(y -carbethoxypropyl)-2-thlophenaldehyde,  followed  by  alcohol  until  a  transparent  solution  formed.  This 
was  refluxed  for  1  hr.  To  the  cooled  solution  there  was  added  enough  water  to  give  a  stable  turbidity,  and  on 
cooling  of  the  solution  a  colorless  oil  separated,  which  was  then  extracted  with  ether.  After  distillation  of  ether 
there  was  obtained  22.3  g  (91.7%)  of  an  oily  oxime  which  could  not  be  crystallized.  For  cleavage  of  the  ester 
group,  the  compound  was  hydrolyzed  by  heating  with  dilute  alkali.  Acidification  with  hydrochloric  acid  yielded 
the  oxime  of  5-(y-carboxypropyl)-2-tliiophenaldehyde,  which  melted  with  decomposition  at  182-184*  (from  di¬ 
lute  methanol). 

Found  %:  0  50.92,50.65;  115.29,5.18;  S  14.78,  14.98.  C9H11O3NS.  Calculated  %;  C  50.69;  H  5.20; 

S  15.03. 

Oximes  of  5-(6  -carbomethoxybutyl)-2-thiophenaldehyde  and  5-(e-carbomethoxypentyl)-2-thioF^enalde- 
hyde  were  prepared  as  indicated  above.  The  oxime  of  5-(y -methyl-6  -carbomethoxybutyl)-2-thlophenaldehyde 
was  obtained  in  97%  yield  in  the  form  of  a  yellow  oil.  The  constants  of  the  aldehydes  prepared  by  us,  and  of 
their  oximes  and  other  derivatives  are  shown  in  Table  3  (melting  points  are  given  for  substances  recrystallized 
from  dilute  alcohol). 

y  -(5- Aminomethyl-2-thienyl)-butyric  acid.  The  solution  of  13.3  g  of  the  oxime  of  5-(y -carbethoxypro- 
pyl)-2-thiophenaldehyde  in  a  mixture  of  105  ml  of  alcohol  and  100  ml  of  water  was  added  to  amalgamated  alu¬ 
minum  [25]  prepared  from  20  g  of  aluminum  in  granular  form.  The  mixture  was  sliaken  for  30  hrs.  The  aluminum 
hydroxide  was  filtered  off  and  washed  repeatedly  witli  alcohol.  The  filtrates  were  combined,  the  alcohol  and  part 
of  the  water  were  distilled  in  vacuo  and  the  residue  was  extracted  with  ether.  The  extract  was  dried  with  mag¬ 
nesium  sulfate  and  the  ether  was  distilled.  There  remained  8.5  g  (67.8%)  of  ethyl  ester  of  y-(5-aminomethyl-2- 
thienyl)-butyric  acid  in  the  form  of  a  yellow  oil.  The  hydrochloride  of  this  ester,  prepared  by  passage  of  dry  hydro¬ 
gen  chloride  into  an  ethereal  solution  of  the  ethyl  ester  of  the  amino  acid,  had  m.  p.  148-149“  (from  a  mixture 
of  absolute  isopropyl  alcohol  and  acetone). 

Found  %:  C  50.02,  50.02;  H  6.92,  6.89;  Cl"  13.11,  13.20.  CnHigOjNClS.  Calculated  %;  C  50.08; 

H  6.88;  Cr  13.44. 

Picrate  of  ethyl  ester  of  the  amino  acid,  prepared  by  addition  of  an  aqueous  solution  of  picric  acid  to  an 
aqueous  solution  of  the  hydrochloride,  had  m.  p.  106-107“  (from  dilute  alcohol). 

Found  %:  C  44.99,  44.91;  H  4.36  ,  4.40;  5  7.21,  7.02.  C17H20O9N4S.  Calculated  %:  C  44.73;  H  4.42; 

S  7.03. 

The  hydrochloride  of  y -f5-aminomethyl-2-thienyl)-butyric  acid  was  prepared  by  heating  the  ester  of  the 
amino  acid  with  dilute  hydrochloric  acid  followed  by  evaporation  of  the  solution;  the  product,  after  repreclpita- 
tion  with  ether  from  a  solution  in  Isopropyl  alcohol,  had  m.  p.  166-167“  (with  decomposition). 
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Found -yo:  C  46.23  ,  46.36;  H  6.18,  6.10;  Cl"  14.70,  14.78.  CgHnOjNClS.  Calculated  €  45.86; 

H  5.99;  Cr  15.04. 

■y-(5-Amlnomethyl-2-thlenyl)-butyric  acid,  melting  with  decomposition  at  213-214“  (from  dilute  acetone), 
was  obtained  by  the  action  of  silver  oxide  on  the  above  hydrochloride. 

Found  €  54.17,54.11;  H  6.61,  6.66;  8  16.20,15.91.  CgHijOjNS.  Calculated  %:  €  54.24;  H  6.58; 

S  16.09. 

6  -(5-Amlnomethyl-2-thlenyl)-valerlc  acid.  A  solution  of  20.0  g  of  oxime  of  5-(6  -carbomethoxybutyl)- 
2-thlophenaldehyde  In  300  ml  of  meAanol  and  150  ml  of  water  was  shaken  for  about  40  hrs  with  amalgamated 
aluminum  (from  20  g  of  granular  aluminum).  Working  up  of  the  reaction  mixture  gave  15.2  g  of  methyl  ester 
of  5  -(5-aminomethyl-2-thlenyl)-valerlc  acid  In  the  form  of  a  red-brown  oil  (yield  80.7%).  The  ester  was  heated 
for  4  hrs  with  a  solution  of  18.6  g  of  crystalline  barium  hydroxide  in  100  ml  of  water  and  the  resulting  solution 
was  diluted  with  200  ml  of  water  and  exactly  neutralized  with  dilute  sulfuric  acid.  The  precipitate  was  filtered 
off  and  repeatedly  washed  with  boiling  water.  By  evaporation  of  the  filtrates  there  was  obtained  9.18  g  (yield: 

52%,  calculated  on  the  oxime)  of  the  amino  acid  with  m.  p.  182-186“.  After  washing  with  alcohol  and  ether  and 
recrystallization  from  water,  the  amino  acid  had  m.  p.  201-202“  (with  decomposition). 

Found  %:  N  6.63,  6.56.  €ioHi502NS.  Calculated  %:  N  6.59. 

The  hydrochloride  of  6  -(5-amlnomethyl-2-thienyl)-valerlc  acid  was  prepared  by  treatment  of  the  amino 
acid  with  dilute  hydrochloric  acid  and  evaporation  of  the  solution  in  vacuo;  the  product  had  m.  p.  156-157.5” 

(from  isopropyl  alcohol). 

Found  %:  €  47.94,47.84;  H  6.48,  6.53;  N  5.71,  5.83;  €1"  14.10,  14.01.  CioHigOjNClS.  Calculated  %: 

€  48.09;  H  6.46;  N  5.61;  €1“  14.20. 

e -(5- Aminomethyl-2-thienyl)-caproic  acid  was  prepared  by  the  reduction  of  the  oxime  of  5-(€  -carbo- 
methoxypentyl)-2-thlophenaldehyde  with  amalgamated  aluminum  and  hydrolysis  of  the  resulting  methyl  ester  of 
the  amino  acid  by  heating  it  with  a  solution  of  barium  hydroxide.  The  yield  was  69.6%  (based  on  oxime).  After 
purification  the  amino  acid  melted  with  decomposition  at  185-186“  (from  water). 

Found  %:  €  57.99,  57.87;  H  7.45,  7.34;  N  6.04,  6.01;  S  13.97,  13.78.  CuHiyOjNS.  Calcuated  %:  €  58.12; 
H  7.54;  N  6.16;  S  14.11. 

The  hydrochloride  of  this  amino  acid  had  m.  p.  143-144.5“  (from  isopropyl  alcohol). 

Found  %:  N  5.45,  5.41;  €1"  13.24,  13.42.  CuH^gOgNClS.  Calculated  %:  N  5.31;  Cl"  13.44. 

B -Methyl-5  -(5-aminomethyl-2-thienyl)-valerlc  acid.  From  24  g  of  oily  oxime  of  5-(y  -methyl-6  -carbo- 
methoxybutyl)-2-thlophenaldehyde  there  was  prepared  by  the  above-described  method  20.3  g  (89.5%)  of  unpuri¬ 
fied  methyl  ester  of  6  -methyl- 6  -(5-amlnomethyl-2-thienyl)-valerlc  acid  in  the  form  of  a  light  yellow  oil.  By 
hydrolysis  of  this  ester  by  heating  with  a  solution  of  barium  hydroxide  there  was  obtained  16.7  g  of  crude  amino 
acid  (yield:  78%,  based  on  the  oxime).  After  recrystallization  from  dilute  acetone,  the  amino  acid  melted  with 
decomposition  at  196-198“. 

Found  %:  C  57.87,  57.82;  H  7.53,  7.60;  N  6.30,  6.08;  S  13.98,  13.94.  CuHpOjNS.  Calculated  %: 

C  58.12;  H  7.54;  N  6.16;  S  14.11. 

The  hydrochloride  of  this  amino  acid,  after  reprecipltatlon  from  a  solution  in  anhydrous  isopropyl  alcohol 
with  ether,  had  m.  p.  151-152“. 

Found  %:  €  50.04,49.87;  H  6.88,  6.80;  Cl"  13.19,  13.29.  CuHigOjNClS.  Calculated  %;  C  50.08; 

H  6.88;  cr  13.44. 

Y  -(5-Acetamidomethyl-2-thlenyl)-butyrlc  acid.  There  was  prepared  16.7  g  of  ethyl  ester  of  y-(5-amlno- 
methyl-2-thlenyl)-butyric  acid  by  the  reduction  of  25.0  g  of  the  oxime  of  5-(y-carbethoxypropyl)-2-thlophen- 
aldehyde  in  400  ml  of  alcohol  and  250  ml  of  water  by  amalgamated  aluminum  (from  37.5  g  of  aluminum  In  granu¬ 
lar  form);  the  ester  without  further  purification  was  heated  for  4  hrs  with  5.9  g  of  sodium  hydroxide  In  50  ml  of 
water.  The  solution  was  evaporated  to  dryness  In  vacuo  and  to  the  residue,  dissolved  In  50  ml  of  water,  there 
was  added  gradually  10  ml  of  acetic  anhydride  with  Ice  cooling  and  stirring.  After  1  hr  the  small  amount  of 
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separated  and  was  brought  into  solutlonby  addition  of  sodium  hydroxide  solution.  After  acidification  with  hydrochloric 
acid  there  precipitated  a  rapidly  crystallizing  oil.  After  washing  with  cold  water  and  drying  there  was  obtained 
14.7  g  of  the  acetamldo  acid  (yield:  59*70  based  on  the  oxime);  m.  p.  95-96®  (from  water). 

Found  <7,:  C  54.70,  54.70;  H  6.26,  6.27;  5  13.46,13.30.  CuHigOaNS.  Calculated  <70:  C  54.75;  H  6.27; 

S  13.29. 

5  -(5-Acetamidomethyl-2-thienyl)-valeric  acid.  From  14.6  g  of  oxime  of  5-(6  -carbomethoxybutyl)-2- 
thiophenaldehyde  there  was  prepared,  by  tlie  above-cited  method,  9.1  g  (59<7o  based  on  the  oxime)  of  the  aceta- 
mido  acid;  m.  p.  80-81.5®  (from  water). 

Found  <7o:  C  56.20,  56.34;  H  6.64,  6.63;  S  12.52,  12.62.  CjcHiTOgNS.  Calculated  C  56.45;  H  6.71; 

S  12.56. 

e  -(5-Acetamidomethyl-2-thienyl)-caprolc  acid  was  prepared  by  reduction  of  the  oxime  of  5-(€-carbo- 
methoxypentyl)-2-thiophenaldehyde  with  amalgamated  aluminum,  hydrolysis  of  tiie  resulting  methyl  ester  of 
€-(5-amliK)methyl-2-thlenyl)-caprolc  acid  with  a  sodium  hydroxide  solution  and  acetylation  of  the  amino  acid 
with  acetic  anhydride.  The  yield  was  84<7o  based  on  tlie  oxime.  After  repeated  recrystallization  from  water,  the 
acetamldo  acid  had  m.  p.  93-94®. 

Found  ^0:  C  57.50,  57.70;  H  7.02,  7.06;  S  12.01,  11.98.  C13H19O3NS.  Calculated  ojo:  C  57.96;  H  7.11; 

S  11.91. 

d -Methyl -6  -(5-acetamidomethyl-2-thienyl)-valeric  acid  was  obtained  in  the  form  of  an  oil  from  the 
oxime  of  5-(y -methyl-6  -carbomethoxybutyl)-2-lhiophenaldehyde  by  the  above- described  method  in  a  yield  of 
72.5*70,  based  on  the  oxime.  The  crystalline  acetamido  acid  was  obtained  by  acetylation  of  the  purified  0-methyl- 
6 -(5-aminomethyl-2-thlenyl)-valerlc  acid  with  acetic  anhydride;  m.  p.  64-65®  (from  dilute  alcohol). 

Found  *7o:  C  57.87,  58.09;  H  7.02,  6.93;  5  11.87,11.90.  C13H19O3N5.  Calculated  *7o:  C  57.96;  H  7.11; 

5  11.91. 

9"AcetamldorK)nanolc  acid,  y  -(5-Acetamidomethyl-2-thienyl)-butyric  acid  (5.5  g)  was  dissolved  in  200 
ml  of  water  and  30  ml  of  concentrated  ammonia,  the  solution  was  heated  to 65®  and  treated  with  about  33  g  of 
Raney  nickel  with  stirring.  The  mixture  was  stirred  at  70-75®  for  5  hrs  (until  the  sulfur  test  vanished).  The  nickel 
was  filtered  off  and  washed  with  hot  water.  The  combined  filtrates  were  evaporated  to  dryness  in  vacuo  on  a  water 
bath  and  the  residue  was  dissolved  in  50  ml  of  hot  water  and  filtered  from  aluminum  hydroxide.  The  filtrate, 
cooled  with  ice,  was  acidified  to  Congo  red  with  dilute  hydrochloric  acid.  The  resulting  precipitated  crystals 
were  filtered  off  and  washed  with  cold  water.  There  was  obtained  4.1  g  (83.5<7o)  of  crude  acetamldo  acid  with 
m.  p.  68-72®.  The  pure  substance  melted  at  71-72®  (from  dilute  alcohol). 

Found  <7,:  C  61.28,  61.24;  H  9.80,  9.74.  C11H21O3N.  Calculated  C  61.36;  H  9.83. 

A  mixed  melting  point  of  this  substance  with  a  specimen  of  9-acetamidononanoic  acid  prepared  by  us  • 
was  71-72®. 

Hydrochloride  of  9-aminononanoic  acid  was  prepared  from  4.6  g  of  9-acetamidononanolc  acid  by  refluxing 
for  10  hrs  with  dilute  (1 : 1)  hydrochloric  acid.  The  filtrate  was  evaporated  to  dryness  in  vacuo  and  the  residue 
was  dried  over  phosphoric  anhydride.  The  crude  hydrochloride  (4.4  g)  melted  at  122-125®.  After  recrystallization 
from  a  mixture  of  anhydrous  isopropyl  alcohol  and  acetone  it  had  m.  p.  132-133®.  Literature  data  [27,  28,  4,  1]: 
m.  p.  115®,  115-118®,  128-129®,  and  130-133®. 

9- Aminononanoic  acid  was  isolated  from  the  solution  of  its  hydrochloride  by  addition  of  the  calculated 
amount  of  sodium  carbonate;  m.  p.  185-186®  (from  water).  Literature  data  [2,  4];  m.  p.  177®  and  186-187®. 

A  mixed  melting  point  with  an  authentic  specimen  of  9-amlnononanoic  acid  gave  no  depression. 

10- Acetamidodecanoic  acid.  From  5.4  g  of6  -(5-acetamidomethyl-2-thienyl)-valeric  acid,  after  heating 
with  24  g  of  Raney  nickel,  there  was  obtained  3.5  g  (72%)  of  crude  acetamido  acid  with  m.  p.  118.5-120®.  The 
pure  substance  melted  at  120-121®  (from  dilute  alcohol). 

•  The  speciment  of  9-acetamidononanoic  acid  was  prepared  from  9-amlnononanoic  acid  obtained  from  R.  Kh. 
Freldllna.  Earlier,  9-acetamldononanolc  acid  had  not  been  obtained  in  the  pure  state;  Middleton  and  Barrett 
[26]  had  prepared  it  in  a  mixture  witii  monomethylamlde  of  sebacic  acid;  the  mixture  had  m.  p.  65-72®. 
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Found  %:  C  62.47,  62.47;  H  10.01,  10.08;  N  6.22,  6.10.  C12H23O3N.  Calculated  C  62.85;  H  10.11; 

N  6.11. 

Hydrochloride  of  10-aminodecanoic  acid.  By  heating  2.23  g  of  the  corresponding  acetamido  acid  witii 
dilute  hydrochloric  acid  for  10  hrs  there  was  obtained  2.0  g  of  crude  hydrochloride.  The  pure  hydrochloride  melted 
at  157-159°  (from  a  mixture  of  anhydrous  isopropyl  alcohol  and  acetone). 

Found  <7o:  N  6.46,  6.37;  Cl"  15.48,  15.61.  CnjHjgOjNCl.  Calculated  N  6.26;  Cl' 15.84. 

10- Amlnodecanoic  acid  was  Isolated  from  the  solution  of  its  hydrochloride  by  means  of  sodium  carbonate; 
m.  p.  185-187'  (from  water).  Literature  data  [1]:  m.  p.  185-186°. 

Found  C  63.56,  63.51;  H  11.28,  11.17;  N  7.51,  7.70.  CioHjiCjN.  Calculated  C  64.13;  H  11.30; 

N  7.48. 

11- Acetamldoundecanolc  acid.  From5.0gof  c -(5-acetamidomethyl-2-tiilenyl)-caprolc  acid  with  m.  p. 
89-90°  there  was  obtained,  by  the  action  of  40  g  of  Raney  nickel,  2.95  g  (65%)  of  crude  acetamido  acid  with 
m.  p.  81-83°.  After  recrystallization  from  dilute  alcohol,  m.  p.  83-84*. 

Found  %:  C  63.96,  63.74;  H  10.25,  10.28.  C13H25O3N.  Calculated  %:  C  64.16;  H  10.35. 

Hydrochloride  of  11-aminoundecanoic  acid.  By  hydrolysis  of  1.73  g  of  11-acetamidoundecanolc  acid  with 
dilute  hydrochloric  acid  1,72  g  of  crude  hydrochloride  with  m.  p.  142-144°.  The  pure  substance  had  m.  p.  144-145° 
(from  a  mixture  of  isopropyl  alcohol  and  acetone). 

Found  %:  N  5.89,  5.87;  Cl"  14.47,  14.67.  C11H24O2NCI.  Calculated  %:  N  5.89;  Cl"  14.91. 

11-Aminoundecanoic  acid  was  isolated  from  an  aqueous  solution  of  its  hydrochloride  by  addition  of  sodium 
carbonate.  M.  p.  184-186°  (from  water).  Literature  data  [1]:  m.  p.  186-187°. 

Rjund  %:  C  65.77,  65.65;  H  11.44,  11.35;  N  7.07,  6.98.  C11H23O2N.  Calculated  %:  C  65.63;  H  11.51; 

N  6.96. 

lO-Acetanudo-3-methyldecanoic  acid.  By  the  action  of  100  g  of  Raney  nickel  on  a  solution  of  14.3  g  of 
the  oily  6  -methyl- 6  -(5-acetamidomethyl-2-thienyl)-valerlc  acid  in  350  ml  of  water  and  50  ml  of  concentrated 
ammonia,  witli  the  subsequent  work-up,  there  was  obtained  8.1  g  (62.4%)  of  crude  acetamido  acid  widi  m.  p. 
68-72°.  The  pure  substance  had  m.  p.  74-75°  (from  dilute  alcohol). 

Found  %;  C  63.92,  63.77;  H  10.19,  10.20;  N  6.05,  6.15.  C13H2SO3N.  Calculated  %:  C  64.16;  H  10.35; 

N  5.76. 

Hydrochloride  of  lO-amino-3-methyldecanoic  acid.  There  was  obtained  2.7  g  of  crude  hydrochloride  by 
heating  3.0  g  of  crude  acetamido  acid  with  30  ml  of  dilute  hydrochloric  acid.  After  three  recrystallizations  from 
a  mixture  of  isopropyl  alcohol  and  ether  tliere  was  obtained  1.15  g  of  the  pure  hydrochloride  with  m.  p.  83-84°. 

This  hydrochloride  was  readily  soluble  In  water  and  alcohol. 

Found  %:  C  55.58,  55.81;  H  9.82,  9.99;  Cl"  15.06,  14.66.  Cn^OjNCl.  Calculated  %:  C  55.56; 

H  10.17;  Cl"  14.91. 

lO-Amlno-3-methyldecanoic  acid  was  Isolated  from  its  hydrochloride  (2.38  g)  by  the  action  of  silver  oxide. 
There  was  obtained  1.53  g  of  the  amino  acid  with  m.  p.  174-175.5°.  The  pure  amino  acid  melted  at.  178-179° 

(from  alcohol)  with  decomposition.  It  was  readily  soluble  In  cold  water. 

found  %:  C  65.10,  64.82;  H  11.34,  11.37;  N  6.81,  6.99.  C11H23O2N.  Calculated  %:  C  65.63;  H  11.51; 

N  6.96. 

SUMMARY 

1.  It  was  shown  that  the  previous  suggested  method  of  synthesis  of  aliphatic  amino  acids  from  compounds 
of  the  thiophene  series  may  be  used  for  the  preparation  of  aliphatic  a;-amino  acids  with  normal  and  branched 
structures. 
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2.  By  reduction  of  oximes  of  appropriate  aldehyde  esters  of  the  thiophene  series  there  were  prepared  esters 
of  y -(5-aminomcfIiyl-2-tliienyl)-butyric,  5  -(5-aminomethyl-2-thienyl)-valeric,  e-(5-aminomethyl-2-thienyl)- 
caproic,  and  0 -niethyl-6 -(5-aniinomethyl-2-thienyl)-valeric  acids, 

3.  By  hydrogcnolysis  of  the  acetyl  derivatives  of  the  above-listed  amino  acids  of  the  thiophene  series  tliere 
were  prepared:  9-acetamidononanoic,  10-acetamidodecanoic,  11-acetamidoundecanoic  and  lO-acetamido-3- 
methyldecanoic  acids  and  from  these  were  prepared,  by  a  subsequent  treatment,  the  corresponding  amino  acids 
and  their  hydrochlorides. 
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SYNTHESIS  OF  SOME  ADRENALINE  DERIVATIVES 


I.  SYNTHESIS  OF  D,L- ADRENALINE  AND  ITS  ANALOGS 

A.  L.  Remlzov 


The  synthesis  of  some  adrenaline  derivatives  described  In  this  paper  were  undertaken  with  the  purpose  of 
studying  their  anti-inflammatory  properties.  Although  the  majority  of  the  compounds  considered  below  have  been 
known  for  a  long  time,  tfielr  synthesis  remained  rather  poorly  developed  and  the  published  directions  often  con¬ 
tained  Inaccuracies  and  could  not  be  always  reproduced.  Therefore  the  additional  data  obtained  by  us  and  pre¬ 
sented  In  this  paper  have  a  certain  significance  Insofar  as  they  touch  upon  compounds  which  play  an  extremely 
Important  role  In  the  physiological  studies. 

In  the  scheme  proposed  at  one  time  by  Stolz  pL]  and  used  by  us  In  the  present  work,  the  synthesis  of  adrena¬ 
line  and  Its  analogs  Includes  the  following  two  steps: 

1)  Amlnatlon  of  a;-chloro-3,4-dlhydroxyacetophenone  (I)  with  Its  transformation,  depending  on  the  amine 
used  for  the  reaction,  Into  the  corresponding  amino  ketone: 


HO 


COCHjGl 


/\ 


+  2NHR'R'' 


COCHoNR'R" 


X/ 

OH 


HO 


+  NHR'R"  .  HCl 


(I) 


OH 


and  2)  reduction  of  the  resulting  amino  ketone  to  the  corresponding  secondary  alcohol  —  D,L- adrenaline  (IV)  or 
Ita  analog: 


HO 


.COGHjNR'R"  (H) 


OH 


HO 


j^^|GH0HGH2NR,R 

\/' 

OH 


In  the  preparation  of  a;-chloro-3,4-dlhydroxyacetophenone  (I),  which  is  the  starting  material  In  the  synthesis 
being  discussed  here,  we  tested  three  knoWn  methods[2-5]  among  which  the  preference  was  given  to  the  method 
of  Schlotta  and  Heller  [5]  In  which  pyrocatechol  Is  condensed  with  chloroacetyl  chloride.  After  Introduction  of 
mirwr  changes, this  method  permitted  us  to  prepare  the  chloro  ketone  with  a  high,  and  reproducible,  yield. 

For  Its  transformation  Into  a;-methylamino-3,4-dlhydroxyacetophenone  or  adrenalone  (II),  the  dlhydroxy- 
chloroacetophenone  (I)  was  amlnated  by  means  of  aqueous  methylamlne  as  described  by  Stolz  [1]  and  Dakin  [3] 
without  any  complications. 

The  (j-amlno-3,4-dihydroxyacetophenone  —  so-called  noradrenalone  (III)  —  was  prepared  analogously  to  the 
preparation  of  adrenalone.  The  data  In  the  existing  literature  bearing  on  amlnatlon  of  dlhydroxychloroacetophe- 
none  (I)  with  ammonia,  are  very  brief  [6].  In  reproducing  the  directions  of  Stolz  [1]  It  turned  out  that  the  pro¬ 
cess  In  this  case  proceeds  less  smoothly  than  In  the  preparation  of  adrenalone,  this  fact  being  In  part  connected 
with  the  concurrent  Intense  oxidation  of  the  reaction  product.  Considering  this,  we  ran  the  amlnatlon  under  com¬ 
plete  exclusion  of  air  In  an  ammonia  atmosphere,  which  modification  raised  the  yield  noticeably  and  Improved 
the  quality  of  the  resulting  noradrenalone. 
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Reduction  of  adrenalone  had  been  until  recently  the  most  complex  step  In  the  synthesis  of  racemic  adrena¬ 
line  (IV).  The  best  method  for  its  realization  is  unquestionably  the  method  of  catalytic  hydrogenation.  Palladium 
has  usually  been  used  for  the  catalyst  and  the  reaction  was  run  in  hydrochloric  acid  solution  since  the  adrenalone 
base  is  practically  Insoluble  in  either  water  or  alcohol.  The  conditions  of  hydrogenation  were  explored  In  detail 
In  [7].  Hydrogenation  of  adrenalone  In  an  alkaline  solution  over  Raney  nickel  has  been  described  also  [8].  In 
the  last  paper,  which  had  an  exploratory  character,  the  optimum  reaction  conditions  were  not  fixed  exactly.  How¬ 
ever,  by  using  the  data  given  in  this  paper  we  were  able  to  select  the  conditions  under  which  the  yield  of  the  pro¬ 
duct  of  hydrogenation  reached  95%  In  Individual  experiments  and  usually  was  88-90%.  Thus,  this  step  In  the 
adrenaline  synthesis  may  be  considered  at  this  time  to  be  the  most  simple  and  dependable  one.  Hydrogenation 
of  noradrenalone  (III)  to  racemic  a-aminomethyl-3,4-dihydroxybenzyl  alcohol  (V),  the  so-called  noradrenaline 
or  arterenol,  was  also  run  In  an  alkaline  medium  with  nickel  catalyst.  In  this  case  as  well  the  reaction  proceeded 
well  and  rapidly.* 
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A  special  Interest  lies  in  the  synthesis  of  N-methyladrenalone  (VI)  and  D,L-N-methyladrenaline  (VII).  These 
substances,  so  close  to  the  structure  of  noradrenalone  and  adrenalone  and,  respectively,  noradrenaline  and  adrena¬ 
line,  differ  from  these  in  physiological  activity  in  the  most  radical  fashion:  amino  ketone  (VI)  shows  no  adrena- 
line-Uke  physiological  activity,  while  amino  alcohol  (VII)  possesses  it  only  to  a  small  degree  [9].  They  also 
differ  in  the  physicochemical  properties.  As  It  Is  known,  the  bases  of  adrenalone  and  adrenaline  (as  well  as  nor¬ 
adrenalone  and  noradrenaline)  do  not  dissolve  in  water  and  other  neutral  solvents  and  are  easily  isolated  from  the 
salts  in  the  form  of  crystalline  bases  by  simple  addition  of  alkali.  Their  N-methyl  derivatives,  on  the  contrary, 
are  considerably  soluble  in  water  and  alcohols.  Among  them  we  succeeded  in  isolating  only  N-methyladrenalone 
(VI)  in  the  form  of  amorphous  base  (until  this  time  it  was  known  only  In  the  form  of  salts).  As  to  the  base  of  race¬ 
mic  N-methyladrenaline  (VII)  it  was  so  soluble  and  separated  from  solutions  so  poorly  that  we  failed  to  obtain  It 
in  the  solid  state.  The  absence  of  certain  methods  of  preparation  of  N-methyladrenallne  or,  as  it  is  called,  meta- 
drlne.  In  the  crystalline  form  fiarced  biologists  to  work  with  specimens  whose  chemical  individuality  could  be 
taken  under  much  doubt.  Therefore,  It  was  Important  to  find  a  method  of  preparation  of  this  interesting  compound 
In  the  crystalline  state.  After  unsuccessful  attempts  to  use  the  already  published  dubious  patent  data  related  to 
the  base  [10,  11],  and  the  directions  for  preparation  of  metadrine  hydrochloride  [12]  which  could  not  be  obtained 
in  the  crystalline  state,  we  developed  the  conditions  for  its  preparation  with  isolation  of  the  product  in  the  form 
of  a  stable  and  readily  crystallizing  phosphate.  The  raw  material,  as  in  the  previous  experiments,  was  w-chloro- 
3,4-dlhydroxyacetophenone  (I).  The  arnlnatlon  of  this  substance  with  dimethylamine,  first  was  accomplished  by 
S.  K.  Dzerzhgovskil  [13]  who  isolated  tlie  resulting  N-methyladrenalone  in  the  form  of  oxalate  salt  which  by  ex¬ 
change  reaction  with  calcium  chloride  was  transformed  by  him  into  the  hydrochloride. 


The  directions  of  Dzerzhgovskil  were  refined  by  us  and  simplified  considerably.  It  appeared  that  the  oxa¬ 
late  prepared  by  that  author  and  having  m.  p.  235°  was  not  the  hydrogen  oxalate  but  the  neutral  salt.  It  also  ap¬ 
peared  thatthe  almost  completely  pure  hydrochloride  of  N-mefiiyl adrenalone  may  be  isolated  directly  from  the 
reaction  mixture  in  75%  yield  if  the  excess  dimethylamine  is  preliminarily  distilled  off  in  vacuo. 

It  was  shown  that  this  salt  exists  in  the  form  of  two  crystalline  modifications  with  m.  p.  236*  and  212°, •• 
the  second  of  which  had  been  unknown  until  now  despite  the  fact  that  it  is  the  more  common  one,  although  the 
less  stable  one. 

Since  the  amorphous  free  base  of  N-metiiyladrenalone,  isolated  from  the  hydrochloride  by  us  and  undescrlbed 
in  previous  literature,  could  not  be  obtained  in  an  analytically  pure  state,  it  was  transformed  for  the  proof  of  struc- 

•  We  were  the  first  to  prepare  noradrenaline  under  these  conditions. 

••  Here  as  in  the  following  exposition  the  temperature  given  is  corrected  for  the  exposure  of  the  mercury  column. 
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ture  and  for  analysis  into  the  diacetyl  derivative  (VIII)  which  was  prepared  and  analyzed  in  the  form  of  the  base, 
hydrochloride  and  picrate. 

N-Methyladrenalone  could  be  hydrogenated  in  die  form  of  the  base  in  methanolic  solution  with  palladium 
precipitated  on  carbon,  which  fact  had  a  considerable  significance  horn  the  preparative  viewpoint  since  it  con¬ 
siderably  simplified  die  Isolation  of  the  hydrogenation  product  in  the  pure  state.  The  reaction  was  run  at  room 
temperature  with  a  slight  excess  pressure  (0.2  atmos)  and  required  48  hrs.  Upon  replacement  of  the  palladium 

catalyst  by  Raney  nickel,  the  hydrogenation  practically  failed  to 
proceed  at  all  under  these  conditions,  but  if  one  added  alkali  to  the 
alcoholic  solution  of  the  ketone  which  was  being  reduced,  the  absorp¬ 
tion  of  hydrogen  proceeded  rapidly  and  quantitatively  and  was  com¬ 
pletely  finished  in  3  hrs. 

Comparison  of  the  data,  known  from  the  literature,  about  the 
conditions  and  the  rates  of  hydrogenation  of  noradrenalone  [6]  and 
adrenalone  [7]  in  acid  medium  (their  hydrogenation  In  the  form  of 
free  bases  Is  impossible  owing  to  their  almost  total  insolubility)  with 
the  rate  of  this  reaction  as  observed  by  us  in  an  alkaline  medium 
showed  that  in  such  cases  there  is  exhibited  a  catalytic  action  of  the 
hydroxyl  ions.  Thus,  it  is  clear  that  an  alkaline  medium  in  hydro¬ 
genation  of  such  compounds  is  necessary  not  only  for  the  formation 
of  a  homogeneous  solution,  as  might  occur  at  first  glance,  but  also 
plays  an  independently  important  role.  One  may  allow  with  a  con¬ 
siderable  measure  of  probability  that  the  catalytic  role  of  hydroxyl 
ions  is  connected  with  the  displacement  of  keto-enol  tautomeric  equilibrium  toward  the  enolic  form  of  the  amino 
ketone,  which  is  then  hydrogenated  at  the  double  bond. 
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Absorption  spectra;  1)  of  the  phosphate  of 
N-methyladrenaline,  2)  of  the  phosphate 
of  N-methyladrenalone. 
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There  are  indications  in  the  literature  about  the  catalytic  effect  of  alkali  in  hydrogenation  of  some  other 
ketones  [14]. 

Attempts  to  isolate  the  free  base  of  the  reaction  product  from  the  reaction  mixture,  obtained  after  hydrogena' 
tion  of  N-methyladrenalone,  were  unsuccessful.  The  tarry  residue  obtained  after  the  removal  of  the  solvent 
oxidized  rapidly  in  air  and  could  not  be  purified.  However,  after  neutralization  of  it  with  phosphoric 

acid  in  anhydrous  ethanol  there  was  obtained  in  80%  yield  a  quite  stable  and  readily  crystallizable  mo  no  substituted 
phosphate.  It  separated  from  the  solution  almost  without  loss  and  therefore  the  magnitude  of  the  yield  did  not 
correspond  to  the  quantitatively  run  hydrogenation.  It  was  supposed  that  one  of  the  reasons  for  the  lowering  of  the 
yield  may  be  deamination  which  accompanies  the  hydrogenation  of  N-methyladrenalone  analogously  to  the  pre¬ 
vious  observation  of  hydrogenation  of  some  other  similar  amino  ketones  [15].  Actually,  in  the  distillate  formed 
after  the  removal  of  the  solvent  there  was  titrated  with  acid  a  volatile  base  the  amount  of  which  covered  a  con¬ 
siderable  part  of  tile  unbalance  of  which  we  are  speaking. 

The  elemental  analysis  of  the  phosphate  of  N-methyladrenaline  prepared  by  us  could  not  serve  as  the  proof 
of  structure  of  the  substance  since  in  its  elemental  composition  this  substance  hardly  differs  from  the 
phosphate  of  the  original  N-methyladrenalone.  The  latter  salt  was  prepared  specially  from  the  base  and  phos¬ 
phoric  acid.  Unfortunately,  it  turned  out  to  be  very  similar  in  its  properties  to  the  metadrlne  phosphate  and,  al¬ 
though  differing  somewhat  from  the  latter  in  the  melting  point  (both  salts  melt  unsharply  with  decomposition), 
failed  to  give  a  depression  of  melting  point  in  a  mixed  sample.  As  might  have  been  expected  the  substances  being 
compared  should  differ  greatly  in  the  character  of  their  light  absorption  in  the  ultraviolet  region  (the  ketone  should 
absorb  in  the  region  of  longer  waves),  we  determined  and  compared  their  absorption  spectra  which,  as  expected, 
turned  out  to  be  different,  which  fact  proved  the  nonidentity  of  the  two  phosphates.  As  may  be  seen  in  the  figure 
shown  above,  the  phosphate  of  tiie  hydrogenation  product  of  N-methyladrenalone  absorbs  in  the  region  of  shorter 
waves,  which  fact  indicates  the  absence  of  the  carbonyl  group  in  it. 
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EXPERIMENTAL 


a;-Chloro-3.4“dihyJroxyacetophenone  (I)  [5],  A  mixture  of  a  solution  of  110  g  (1  mole)  of  pyrocatechol 
In  150  ml  of  benzene  with  124  g  (1.1  mole)  of  chloroacetyl  chloride  and  9.5  g  of  phosphorus  oxychloride  was 
heated  under  a  reflux  condenser  protected  with  a  calcium  chloride  tube  on  a  boiling  water  bath  with  mechanical 
stirring  for  50  hrs(wlth  Interruptions).  After  cooling  the  reaction  mixture  to  5-10”,  the  resulting  precipitate  was 
filtered  off,  washed  with  benzene  and  was  recrystalllzed  from  150  ml  of  2  N  acetic  acid  with  1  g  of  carbon.  The 
weight  of  the  chloro  ketone,  dried  at  110®,  was  65-68  g.  M.  p.  172-173®. 

From  the  benzene  mother  liquor  after  10  days*  standing  In  an  open  beaker*  there  separated  an  additional, 
considerable  amount  of  the  product  from  which,  by  recrystallization  from  2  N  acetic  acid,  friere  was  obtained 
40-42  g  of  the  pure  product  with  m.  p.  171-173®.  Total  yield:  105-110  g  (56-59<7o). 

(j-Methylamlno-3,4-dlhydroxyacetophenone  (II).  A  mixture  of  52  g  (0.28  mole)  of  the  chloro  ketone  (I), 

30  ml  of  ethanol  and  40%  aqueous  solution  of  methylamine  taken  in  the  amount  which  corresponded  to  the  con¬ 
tent  of  1.4  molesoftheamine,was  treated  according  to  Stolz's  directions  [1],  after  which  the  reaction  mixture 
was  partly  neutralized  (with  cooling)  by  means  of  50  ml  of  concentrated  hydrochloric  acid  and  was  left  for  30 
min  in  an  Ice  bath  under  a  layer  of  gasoline.  Then,  the  precipitate  was  filtered  off,  washed  with  0.1%  solution 
of  aqueous  sodium  hydrosulfite  (until  the  filtrate  ran  colorless),  followed  by  ethanol  and  ether.  The  yield  of  crude 
product  was  36-38  g  (71-73%).  The  purification  was  done  by  transformation  of  the  substance  into  the  hydrochlor¬ 
ide  and  the  recrystallization  of  the  latter  [2],  The  yield  of  the  hydrochloride  was  65%  of  theoretical.  The  free 
base  was  precipitated  from  the  solution  of  the  hydrochloride  with  aqueous  ammonia  at  pH  9-9.5. 

cj-Amlno-3,4-dlhydroxyacetophenone  (III).  The  reaction  of  dihydroxychloroacetof^ienone  (I)  and  ammonia 
was  run  in  a  three-necked  flask  provided  wifti  a  centrifugal  stirrer  with  a  packed  gland  closure,  passing  through 
a  three-necked  adapter  set  Into  the  cork  In  the  central  neck  of  the  flask.  The  side  arm  of  the  adapter  was  con¬ 
nected  to  a  system  for  absorption  of  oxygen.**  One  of  the  side-necks  of  the  flask  carried  a  cork  with  a  dropping 
funnel  while  the  other  one  was  provided  with  a  glass  tube  which  reached  to  the  bottom  of  the  flask  and  served 
for  Inlet  of  gaseous  ammonia.  All  parts  of  the  apparatus  were  connected  sufficiently  hermetically  tightly.  Into 
the  flask  was  placed  60  ml  of  25%  aqueous  ammonia  and  with  external  cooling  by  means  of  ice  and  salt  friere 
was  introduced  gaseous  ammonia  until  complete  saturation  occurred.  After  that  and  with  good  stirring  and  in  a 
weak  stream  of  ammonia,  there  was  added  from  the  dropping  funnel  over  10-15  min  a  hot  solution  of  10  g  of  the 
chloro  ketone  (I)  in  20  ml  of  methanol,  while  the  cooling  of  the  flask  proceeded  with  the  previous  intensity.  The 
mixing  and  the  introduction  of  ammonia  was  continued  for  6  hrs  longer  at  room  temperature,  after  which  the  re¬ 
action  mixture  was  left  overnight  in  an  ammonia  atmosphere.  Then,  the  excess  ammonia  was  removed  by  a 
strong  current  of  nitrogen  (finally  with  heating  in  a  bath  at  temperature  of  45-55°)  and  the  flask  contents  were 
poured  on  a  filter  after  a  preliminary  saturation  with  carbon  dioxide.  The  precipitate  was  washed  with  ice  water 
(until  filtrate  ran  colorless),  ethanol  and  ether.  The  crude  product  was  purified  through  the  hydrochloride,  similarly 
to  purification  of  adrenalone  [2].  The  yield  of  purified  noradrenalone  (free  base)  was  6.5-7.0  g  (73-79%). 

D,L-Adrenaline  (IV)  [8].  Hydrogenation  of  adrenalone  was  run  in  the  apparatus  commonly  designed  for  this 
purpose  using  Raney  nickel  at  room  temperature.  In  order  to  create  a  slight  positive  pressure  (0.2  atmos)  in  the 
system,  the  leveling  bulb  of  the  hydrogen  reservoir  was  connected  to  the  latter  through  a  2.5  m  rubber  tube  and 
was  suspended  during  the  reaction  some  2  m  above  the  apparatus.  The  catalyst  was  prepared  according  to  direc¬ 
tions  of  [14]  where  it  Is  called  Raney  nickel  W-7.  Into  the  hydrogenation  vessel  there  was  poured  50  ml  of  2  N 
sodium  hydroxide,  the  catalyst  was  added  (this  was  prepared  from  3.8  g  of  the  alloy) ,  the  air  was  displaced  from 
the  system  by  means  of  hydrogen  and.  In  a  weak  stream  of  hydrogen,  there  was  charged  12.7  g  of  the  adrenalone 
base.  After  3-3.5  hrs  the  reaction  was  completed.  The  volume  of  the  absorbed  hydrogen  exceeded  by  some  3-5% 
the  calculated  amount.  The  liquid,  to  which  0.1  g  of  sodium  hydrosulfite  was  added  Immediately,  was  filtered 
off  the  catalyst  through  a  glass  filter  into  45  ml  of  4  N  hydrochloric  acid  and  the  filtrate  was  made  alkaline  with 
ammonia  solution  under  a  layer  of  gasoline  up  to  pH  9-9.5  (test  with  phenolphthalein  paper).  After  30-45  min 
standing  In  an  ice  bath,  the  precipitated  adrenaline  was  filtered  off,  washed  with  water,  ethanol  and  ether  was 
dried  in  vacuo  In  the  dark.  Yield:  11.3-11.7  g  (88-92%). 

•  With  rapid  distillation  of  the  solvent  (even  in  vacuo)  there  is  separated  a  product  which  is  badly  contaminated 
with  tar. 

**  For  this  system  we  used  two  Drechsel  flasks  which  were  loosely  filled  with  copper  spirals  moistened  with  satura¬ 
ted  solution  of  ammonium  chloride.  The  flasks  were  connected  to  each  other  by  tubes  which  reached  the  bottom 
so  that  the  system  could  work  in  either  direction  of  flow. 
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For  purification  according  to  Savltskii  [16],  the  adrenaline  was  dissolved  In  the  minimum  volume  of  aqueous 
sulfurous  acid,  the  solution  was  filtered  and  made  alkaline  with  ammonia  under  a  layer  of  gasoline.  The  remain¬ 
ing  operations  In  the  Isolation  of  the  purified  product  did  not  differ  from  those  described  above.  The  yield  was 
nearly  colorless  substance  weighing  about  11  g  or  80-85'7o  based  on  adrenalone. 

D,L-a-Amlnomethyl-3,4-dlhydroxybenzyl  alcohol  (noradrenaline)  (V).  Noradrenalone  (III)  was  hydrogena¬ 
ted  analogously  to  adrenalone  (see  above).  Absorption  of  hydrogen  ceased  after  3  hrs.  After  operations  which 
were  described  above  there  was  obtained  noradrenaline  In  the  form  of  a  brownish  microcrystalline  powder  in  the 
yield  of  76-80^0. 

a;-Dlmethylamlno-3,4-dlhydroxyacetophenone  (VI).  A  solution  of  14  g  of  dihydroxychloroacetophenone  (I) 
(0.075  mole)  In  45  ml  of  hot  methanol  was  added  through  a  dropping  funnel  over  20-30  min  to  0.18  mole  of 
dimediylamlne  taken  in  the  form  of  30-35%  solution,  with  stirring  and  cooling  (temperature  not  above  5“).  The 
mixture  was  left  in  a  closed  vessel  for  one  day,  after  which  It  was  evaporated  In  vacuo  in  a  nitrogen  stream  to 
less  than  half  the  original  volume  for  the  removal  of  excess  dlmethylamlne,  and  the  residue  was  neutralized  with 
ethanolic  solution  of  hydrogen  chloride  (with  Congo  red).  After  30  minutes'  cooling  to  0”,  the  precipitate  was 
filtered  off,  treated  in  a  beaker  with  a  mixture  of  ethanol  and  acetone  (1 ;  2)  twice,  refiltered  again  and  washed 
on  the  filter  with  acetone.  The  yield:  12.8-13.1  g  (73-76%).  Long  prisms  (from  16  parts  of  ethanol),  with  m.  p. 
210-212®  with  decomposition  (after  Immersion  of  the  capillary  at  200®).  (Literature  data:  m.  p.  232®  [11],  236® 
[12]).  However,  as  shown  by  the  analysis,  the  specimen  prepared  as  described  above  and  having  m.  p.  210-212®, 
is  a  pure  hydrochloride  of  N-methyladrenalone. 

Found  %:  01  15.39,15.38.  CjoHisOsN  •  HCl.  Calculated  %;  Cl  15.30. 

After  recrystalllzatlon  from  glacial  acetic  acid  the  substance  separated  in  the  form  of  prisms  with  m.  p. 
234-236®  (with  decomp.). 

Mixed  melting  point  of  both  salts  was  234-236®,  regardless  of  the  composition  of  the  mixture,  which  fact 
indicates  tfie  transition  of  the  low  melting  modification  Into  the  high  melting  one  during  the  heating  of  Its  mix¬ 
tures  with  the  latter. 

For  isolation  of  the  base,  4.64  g  of  hydrochloride  of  N-methyladrenalone  was  mixed  with  25  ml  of  dehydrated 
ethanol  and  to  the  mixture,  heated  nearly  to  boiling,  there  was  added  the  carefully  calculated  amount  of  1  M 
solution  of  sodium  ethoxlde  in  dehydrated  ethanol.  The  hot  solution  was  separated  from  sodium  chloride  by  fil- 
tratfon  and  the  filtrate  was  evaporated  to  dryness  In  vacuo  In  a  stream  of  nitrogen  with  feeble  heating.  The  resi¬ 
due  was  treated  4  times  widi  15  ml  of  anhydrous  Isopropyl  alcohol  at  60-65®  (tar  formation  occurs  at  higher  tem¬ 
peratures)  and  the  resulting  extract  was  cooled.  The  resulting  oil  transformed  Itself  rapidly  into  an  amorphous 
powder  which  was  filtered  off,  washed  on  the  filter  with  a  small  volume  of  cooled  Isopropyl  alcohol  and  was  im¬ 
mediately  transferred  Into  a  vacuum  desiccator  (the  product  liquefies  in  air  if  It  contains  any  solvent).  The  yield 
of  dry  base  was  2.8-2.9  g  (72-74%).  From  the  mother  liquor  there  was  regenerated  the  hydrochloride  with  m.  p. 
208-210®,  by  neutralization  with  an  alcoholic  solution  of  hydrogen  chloride. 

The  base  of  N-methyladrenalone  is  a  yellowish  cream  powder,  which  is  rather  readily  soluble  In  methanol, 
ethanol  and  water,  especially  when  heated.  From  a  hot  solution  in  isopropyl  alcohol  it  separates  on  cooling  but 
at  times  In  the  form  of  a  rapidly  solidifying  oil.  It  melts  unsharply  with  decomposition  at  temperatures  above 
130®.  The  purified  specimen  with  a  sfiarp  melting  point  was  unobtainable  and  for  this  reason  the  elemental  ana¬ 
lysis  of  this  substance  was  not  run.  The  equivalent  of  the  substance  was  determined  by  potentiometric  titration 
with  acid. 

Found:  equivalent  in  respect  to  acid  197.5.  CgH703N(CH3)2.  Calculated:  equivalent  in  respect  to  acid 

195.2. 


By  neutralization  of  the  base  with  hydrogen  chloride  or  oxalic  acid  In  an  alcoholic  solution  there  are  iso¬ 
lated,  respectively,  die  hydrochloride  with  m.  p.  210-212®  (decomp.)  or  die  oxalate  wldi  m.  p.  236-237®.  The 
latter  is  the  neutral  salt,  not  the  acid  salt  as  Indicated  in  the  literature  [13],  which  fact  was  established  by  ana¬ 
lysis,  by  precipitation  of  calcium  oxalate  and  Its  titration  with  permanganate  solution. 

Found  %:  HjjC,04  19.21,  18.64.  C10H13O3N  •  V2H1CJO4.  Calculated  %:  H2C,04  18.80. 
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The  phosphate  of  N-methyladrenalone  was  prepared  by  mixing  the  solutions  of  the  base  and  the  calculated 
amounts  of  crystalline  phosphoric  acid  In  ethanol.  After  recrystallization  from  glacial  acetic,  acid,  it  formed  a 
colorless  finely  crystalline  powder  with  m.  p.  203-205“  (decomp.). 

Found  *70;  P  10.80,  10.63.  C10H13O3N  •  H3PO4.  Calculated  %:  P  10.58. 

CL)-Dtmethylamlno-3,4-diacetoxyacetophenone  (VIII).  To  a  mixture  of  8  ml  of  anhydrous  acetic  acid  and 
5  ml  of  acetyl  chloride,  heated  to  60-70“,  there  was  added  dropwlse  a  solution  of  1.95  g  of  the  base  of  N-methyl¬ 
adrenalone  in  8  ml  of  anhydrous  acetic  acid.  After  termination  of  the  vigorous  evolution  of  hydrogen  chloride,  the 
solution  was  left  overnight  in  a  closed  vessel.  Then  die  solvent  was  distilled  as  completely  as  possible  in  vacuo 
with  mild  heating.  Traces  of  acetic  acid  were  removed  by  2-3  dissolutions  of  the  resulting  glue-like  product  in 
15  ml  of  anhydrous  butanol  and  its  distillation  in  vacuo.  After  heating  on  a  boiling  water  bath  in  good  vacuum 
(1-2  mm),  the  residue  solidified.  It  was  dissolved  in  5  ml  of  isopropyl  alcohol.  From  this  solution,  after  dilution 
with  10  ml  of  dry  ethyl  acetate,  addition  of  a  seed  crystal,  addition  of  1-2  ml  of  anhydrous  ether  and  strong  cool¬ 
ing,  there  separated  a  crystalline  precipitate,  which  was  again  recrystallized  from  a  mixture  of  isopropyl  alcohol 
and  ethyl  acetate.  Yield:  1.4-1.5  g  (44-48%).  Short  needles  with  m.  p.  170-172“.  The  same  product  was  obtained 
from  the  hydrochloride  of  N-methyladrenalone  with  acetyl  chloride  in  glacial  acetic  acid,  in  the  yield  of  60%. 

From  the  mother  liquors  after  the  separation  and  crystallization  of  the  above  hydrochloride,  there  was  iso¬ 
lated  an  additional  amount  of  the  substance  in  the  form  of  the  base  by  evaporation  of  the  solvent  in  vacuo,  solution 
of  the  precipitate  in  a  small  volume  of  water,  addition  of  soda  solution  until  alkaline  and  rapid  extraction  with 
benzene. 

Found  %:  Cl  11.32,  11.30.  C14H1TO5N  .  HCl.  Calculated  %:  Cl  11.23. 

The  extract,  dried  with  anhydrous  sodium  sulfate,  was  concentrated  in  vacuo  until  the  beginning  of  crystal¬ 
lization  and  was  then  diluted  with  4-5  volumes  of  petroleum  ether.  The  yield  of  crystals  was  0. 5-0.6  g  (18-21%). 
The  total  yield  of  die  diacetyl  derivative  during  its  preparation  from  the  hydrochloride  of  N-methyladrenalone 
was  78-84%  of  theoretical.  The  base  formed  colorless  needles  with  m.  p.  97-98“  (from  benzene  wltli  petroleum 
ether).  It  yellows  rapidly  in  air,  being  transformed  into  the  base  of  N-methyladrenalone. 

Found  %:  C  60.80,  60.92;  H  6.23,  6.24;  N  4.98,  5.18.  C14H17O5N.  Calculated  %:  C  60.22;  H  6.13; 

N  5.01. 

The  picratft  (from  equimolar  amounts  of  the  base  and  trinitro phenol  in  benzene)  formed  bright  yellow  elon¬ 
gated  hexagonal  plates  (from  methanol)  with  m.  p.  141.5-143“.  It  is  readily  soluble  in  acetone,  glacial  acetic 
acid  and  hot  ethanol,  insoluble  in  benzene  and  ether. 

Found  %;  N  11.13,  11.04.  C20H20O12N4.  Calculated  %:  N  11.03. 

N-Methyladrenaline  (VII).  a)  Hydrogenation  of  N-methyladrenalone  (VI)  with  palladium  catalyst.  A  solu¬ 
tion  of  2  g  (0.01  mole)  of  N-methyladrenalone  base  in  30  ml  of  methanol  was  shaken  with  0.6  g  of  palladium 
deposited  on  carbon  (5%  Pd)  p.7]  in  hydrogen  atmosphere  with  residual  excess  pressure  of  0.2  atmos  (see  prepara¬ 
tion  of  adrenaline)  at  room  temperature.  The  absorption  of  hydrogen  stopped  after  48  hrs.  The  solution  was  fil¬ 
tered  from  the  catalyst  and  was  evaporated  in  vacuo  in  a  stream  of  nitrogen  to  dryness  in  order  to  remove  the 
volatile  bases,  the  exiting  vapors  and  gases  being  led  through  a  Tishchenko  flask  containing  0.2  N  standardized 
sulfuric  acid  solution.  The  dry  residue  was  dissolved  in  20  ml  of  anhydrous  ethanol  and  the  solution  was  added 
to  1  g  of  crystalline  phosphoric  acid  dissolved  in  5  ml  of  anhydrous  ethanol.  The  mixture,  if  alkaline.was  acidified 
to  litmus  with  an  alcoholic  solution  of  phosphoric  acid  and  the  separated  phosphate  was  filtered  off  and  washed 
with  a  mixture  of  ethanol  and  acetone.  Yield:  2.4  g  (80%).  M.  p.  181-183“  (with  decomposition)  (from  glacial 
acetic  acid  with  methanol  and  ether). 

Found  %:  N  4.76,  4.63;  P  10.65,  10.70.  C10H15O3N  •  H3PO4.  Calculated  %:  N  4.75;  P  10.50. 

The  contents  of  the  Tishchenko  absorption  flask  were  carefully  titrated  with  0.1  N  sodium  hydroxide  with 
Methyl  orange  indicator.  The  content  of  volatile  bases,  calculated  from  the  results  of  titration  and  being  evi¬ 
dently  dim  ethyl  amine,  comprised  0.9  mole  in  one  experiment,  i.  e.,  9%  of  the  amino  ketone  used  in  the  reaction. 

b)  Hydrogenation  of  N-methyladrenalone(VI)  with  Raney  nickel.  A  solution  of  3.9  g  (0.02  mole)  of  methyl- 
adrenalone  base  in  50  ml  of  methanol  was  shaken  with  Raney  nickel,  prepared  from  1  g  of  the  alloy  [14],  in  hydro- 
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gen  atmosphere  at  room  temperature  and  0.2  atmos  of  excess  pressure.  Over  3  hrs  less  than  5%  of  calculated 
volume  of  hydrogen  was  taken  up.  After  15  ml  of  2  N  solution  of  sodium  hydroxide  had  been  added  to  the  solu¬ 
tion  (0.03  mole  NaOH),  the  absorption  of  hydrogen  proceeded  rapidly  and  was  completed  In  2.5  hrs  with  the  ab¬ 
sorbed  volume  exceeding  the  calculated  volume  by  12%.  After  separation  from  the  catalyst  and  distillation  of 
major  part  of  the  solvent,  the  resulting  solution  residue  was  neutralized  to  litmus  with  an  alcoholic  solution  of 
phos[^orlc  acid  and  was  evaporated  to  dryness  In  vacuo.  The  residue  was  treated  with  hot  glacial  acetic  acid, 
tire  solution  was  filtered  while  hot  from  sodium  phosphate  and,  after  dilution  with  anhydrous  ethanol  and  ether, 
and  cooling,  there  precipitated  from  it  a  4.02  g  yield  of  N-methyladrenallne  (68.5%). 

SUMMARY 

1.  The  directions  for  preparation  of  adrenaline,  noradrenaline  and  N-methyladrenallne  were  Improved  and 
refined. 

2.  The  previously  unknown  base  of  N-methyladrenalone  was  Isolated  and  Its  phosphate  was  prepared  for 
the  first  time.  The  properties  and  the  composition  of  the  hydrochloride  and  the  oxalate  were  ascertained. 

3.  IXacetyl  derivative  of  N-methyladrenalone  was  prepared  for  the  first  time  and  analyzed  In  the  form  of 
the  free  base,  hydrochloride  and  picrate. 

4.  Phosphate  of  D,L-N-methyladrenaline  was  prepared  for  the  first  time,  this  being  the  sole  presently  known 
crystalline  preparation  of  this  compound. 

5.  The  catalytic  influence  of  hydroxyl  ions  on  the  rate  of  hydrogenation  of  adrenalone  and  Its  analogs  was 
shown.  A  supposition  was  made  as  to  the  mechanism  of  this  effect. 
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SYNTHESIS  OF  T  HI  A  C  A  RB  OC  Y  A  NI N  ES  WITH  UNSATURATED  RADICALS 

AS  SUBSTITUENTS 


M.  A.  Al’perovich,  I.  K.  Ushenko,  and  L.  N,  Tlurlna 


Thlacyanlne  dyes  containing  unsaturated  groupings  in  the  benzothiazole  nucleus  with  the  general  formula 


«-{ 


CH=CH— CH 
X* 


where  a  =  -1  or  2  ;  R=  CHj.CsH,  ,  y  -  CjH^  or 


have  not  been  described  to  this  time.  One  may  expect  diat,  owing  to  the  conjugation  of  unsaturated  groupings 
with  the  polymethine  chromophore  of  the  thiacarbocyanlne  through  the  atom  of  nitrogen  or  sulfur  [1,  2]  of  the 
dilazole  ring,  the  conjugation  chain  would  be  lengthened  as  the  result  of  which  there  should  occiu  a  deepening 
of  the  color  of  the  dye.  With  this  purpose  in  mind  we  synthesized  according  to  the  Meerwein  reaction  [3-11]  the 
necessary  bases  by  Interaction  of  benzothiazolyldiazonlum  chlorides  with  unsaturated  compounds.  Heterocyclic 
dlazo  compounds  had  not  been  used  in  the  Meerwein  reaction  previously.  Several  thiacaibocyanines  containing 
unsaturated  groupings  in  6,6 '-positions  had  been  prepared  by  us  previously  [12]. 

In  the  present  work  we  describe  the  synthesis  of  2-methylbenzothiazoles  containing  various  unsaturated  groups 
in  5-  or  6-positions.  In  the  reaction  of  diazotized  2-methyl-5-aminobenzothlazole  and  2-methyl-6-aminobenzo- 
thiazole  with  coumarin,  cinnamic,  p-methoxycinnamic,  p-methylcinnamic  and  a-thienylacrylic  acids  there 
were  prepared  seven  new  bases  (Table  1)  containing  unsaturated  substituents  in  the  benzothiazole  ring.  Synthesis 
of  the  bases  may  be  shown  by  the  following  scheme: 


Clio— c 


!-n., +  C1- 


Xc 


-cii=cii— coon 


i\2 


H  COOh/\ 

I  I 


II  ll_C_C _ I  I  // 


^,C— CIL, 


Cl  II 


-CII=GH-l 


yN- 


:g— cii;,  +  co2+  iiGi. 


Evolution  of  nitrogen  and  carbon  dioxide  was  observed  during  the  synthesis.  From  the  reaction  mixture 
there  were  isolated  2-methylchlorobenzothiazoles,  2-methylbenzothiazole  and  chloroacetone,  besides  the  benzo- 
thlazoles  with  unsaturated  groups.  The  bases  were  purified  by  chromatography  on  aluminum  oxide  with  a  subsequent 
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No.  of 


TABLE  1 


Substituted  2-Methylbenzothiazoles 


0) 

V 

a 

3 

jS 

a 

t/) 


(I) 

(ii) 

(HI) 

(IV) 

(V) 


(VI) 


(VII) 


4-.  1 

1 

R 

Substituer 

position 

Yield 
(in  ‘^) 

Melting 

point 

fi  ! 

20 

138—139® 

p  Cll3Con4-CII=CFI- 

f) 

11.7 

128-129 

P-CH3C„M4-CH^CII  — 

6 

16.8 

155-156 

p  -CII30ChII4-GH=CII  — 

5 

1^1.6 

151 

1  J-GH=CH- 

5 

9.3 

90 

1  1  Ir-o 

fYY 

r. 

8.3 

218-219 

6 

178—179 

TABLE  2 


Dyes 


I  I  c-CH=cn-cii=c 


-/\-R 


\/\ 

Ln. 


I 

C,Hj 


No.  of 

substance 

R 

Absorption 
maximum 
(in  mp ) 

_ 

H 

558 

— 

QjHs- 

574 

* 

C8H6-GH=Cn- 

595 

(VIII) 

p-GH3GeH4-GH=GH- 

600 

m 

♦ 

P-CH30GoH4-GH=CH- 

605 

i 

1  J-CH=GH  — 

606 

(IX) 

0x0-*'=° 

1 

582 

•  Dyes  which  were  prepared  previously  [12]. 
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TABLE  3 


Dyes 


fY  ^  ^ 

„  C— CII=C— C11=C  I 


I 

C,H, 


X- 


N/\/ 

I 

C,Uj 


No.  of 

sub¬ 

stance 


Absorption  maximum  (mp ) 


II 


CH, 


c.H, 


(X) 

(XI) 

(XII) 

(XIII) 

(XIV) 

(XV)! 

(XVI) 

(XVII) 

XVHl) 

(XIX) 


(XX) 

(XXI) j 


II 

C„Il5- 

Coll5-CII=CII— 
p  CH3C0H4— CH=CII- 
p-CH30C8n4-GH=CII- 


GH=CII- 


558 

567 

578 

582 

582 

584 

570 


543 

553 

565 


568 


567 


556 


547 

558 

567 


574 


572 


crystallization  from  alcohol  or  ligroine.  The  low  yield  of  the  bases  is  caused  by  a  number  of  side  reactions:  forma¬ 
tion  of  2-methylchlorobenzothiazoles,  azo  compounds  as  well  as  tarry  products  whose  composition  and  structure 
were  not  determined  by  us. 

By  the  action  of  alkylating  agents  the  resulting  bases  were  transformed  into  quaternary  salts.  The  latter  were 
introduced  into  a  condensation  with  ortho  esters  of  carboxylic  acids  in  pyridine.  The  absorption  maxima  of  the 
synthesized  dyes,  as  well  as  of  the  unsubstituted  thiacarbocyanlne  and  diphenylthiacarbocyanines  are  shown  in 
Tables  2  and  3. 

In  a  comparison  of  the  absorption  maxima  of  the  synthesized  dyes  wldi  the  unsubstituted  thiacarbocyanlne 
it  is  clear  that  the  introduction  of  unsaturated  groups  In  5,5*-  and  6, 6 ’-positions  of  thiacarbocyanlne  strongly  shifts 
the  absorption  maxima  toward  the  longer  wavelength  end  of  die  spectrum.  For  thiacarbocyanines  with  unsaturated 
groups  in  6, 6 ’-positions  there  is  observed  a  stronger  bathochromic  effect  than  for  die  corresponding  5,5 ’-substituted 
thiacarbocyanines.  This  phenomenon  may  be  explained  evidently  by  the  fact  that  the  conjugation  of  the  unsatura¬ 
ted  groups  with  the  polymethine  chromophore  is  realized  considerably  better  through  a  nitrogen  atom  of  the  benzo- 
thiazole  nucleus  than  through  the  sulfur  atom  [1]. 

According  to  our  data,  the  methyl,  methoxy  and  methylmercapto  groups  Introduced  into  the  para-position 
of  the  phenyl  radical  In  6,6’-dlphenylthlacarbocyanine  do  not  cause  a  deepening  of  the  color.  Itowever,  it  is  clear 
from  Tables  2  and  3  that  introduction  of  methyl  or  methoxy  group  Into  the  para-posltlon  of  the  styryl  radical  causes 
a  certain  shift  of  the  absorption  maximum  toward  the  longer  wavelength  end  of  the  spectrum.  This  shows 
that  the  presence  of  vinylene  groups  In  5,5’- or  6,6 ’-positions  of  thiacarbocyanlne  aids  the  electron  displace¬ 
ment,  which,  fijr  example.  In  3,3’-dlethyl-6,6’-dl-(p-methoxystyryl)-thlacarbocyanlne  (Table  2)  may  be  represen¬ 
ted  thus: 
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\ _ >=C1I-CH=PY  '  ^ 


Cr-(:ii-c}i-cn=--c 


,/\,-  CII“CII- 


J>-ncn, 


X- 


C.llj 

EXPERIMENTAL 


'  n/\/ 
I 

Ojl!, 


General  technique  of  synthesis  of  2-methylbenzothlazoles  containing  unsaturated  groupings.  Into  a  flask 
with  a  mechanical  stirrer,  thermometer  and  an  outlet  tube  connected  to  a  Tishchenko  absorption  flask  containing 
a  solution  of  barium  hydroxide,  there  was  placed  0.1  mole  of  unsaturated  acid,  120-180  ml  of  acetone,  0.2  mole 
of  crystalline  sodium  acetate  and  0.03  mole  of  cupric  chloride  (CuClj  •  2HjO).  The  mixture  was  cooled  with  stir¬ 
ring  to  —2*  to  —5*  and  to  it  was  added  In  small  portions  over  15-30  min  a  solution  of  benzothiazolyldiazonium 
chloride,  prepared  by  solution  of  0.1  mole  of  the  amine  in  25  ml  of  concentrated  hydrochloric  acid  and  20  ml  of 
water  with  subsequent  diazotization  with  0.11  mole  of  sodium  nitrite  in  12  ml  of  water.  After  that  the  mixture 
was  stirred  for  1-1.5  hr  at  —2*,  after  which  its  temperature  was  raised  gradually  until  carbon  dioxide  began  to 
evolve.  The  reaction  mixture  was  stirred  for  2-3  hrs  at  room  temperature  and  was  subjected  to  steam  distillation 
on  the  following  day.  Acetone,  chloroacetone  and  2-methylchlorobenzothiazole  distilled.  The  dark  oil  remain¬ 
ing  in  die  distilling  flask  and  solidifying  on  cooling  was  dissolved  in  chloroform  and  subjected  to  chromatography 
on  aluminum  oxide.  The  base  was  eluted  with  chloroform  or  benzene.  The  almost  colorless  zone  formed  by  the 
base  fluoresced  with  light  yellow  color  in  ultraviolet  light.  This  zone  was  collected  separately,  the  solvent  was 
distilled  off  and  the  residue  of  the  solvent  was  evaporated  on  a  water  bath.  Usually  a  viscous  yellow  oil  was  ob¬ 
tained  which  crystallized  Instantly.  Finally,  the  base  was  crystallized  from  alcohol  or  ligroinewith  use  of  animal 
charcoal. 


2-Methyl-5-styrylbenzothlazole  (I).  2-Methyl-5-aminobenzothiazole  (16.4  g,  0.1  mole)  was  dissolved  in 
25  ml  of  concentrated  hydrochloric  acid  and  20  ml  of  water,  cooled  to  —5*  and  diazotized  with  7.5  g  (0.11  mole) 
of  sodium  nitrite  in  12  ml  of  water.  A  mixture  of  14.8  g  (0.1  mole)  of  cinnamic  acid,  120  ml  of  acetone,  27.2  g 
(0.2  mole)  of  sodium  acetate  and  5.1  g  (0.03  mole)  of  cupric  chloride  in  10  ml  of  water  was  cooled  to  —2"  and 
to  this  mixture  there  was  added  the  diazonlum  chloride  with  energetic  stirring.  At  9*  a  slow  evolution  of  gaseous 
products  began  and  continued  for  one  hour. 

A  viscous  yellow  oil  was  obtained  after  chromatography:  it  crystallized  Instantly.  The  base  was  recrystal¬ 
lized  from  140  ml  of  methanol  with  the  aid  of  animal  charcoal.  Yield:  2.5  g.  Crystals  with  light  yellow  color; 
m.  p.  138-139*:  readily  soluble  in  benzene,  chloroform,  acetone,  ether,  and  difficultly  soluble  in  alcohol. 

Found  %:  S  12.52,  12.74.  CigHijNS.  Calculated  S  12.71. 

2-Methyl-5-(p-methylstyryl)-benzothiazole  (II).  Into  a  flask  was  placed  3.7  g  (0.023  mole)  of  p-methyl- 
cinnamic  acid,  60  ml  of  acetone,  6.2  g  (0.075  mole)  of  sodium  acetate  and  1.32  g  (0.0077  mole)  of  cupric  chlor¬ 
ide  in  5  ml  of  water.  To  the  cooled  mixture  (—2°)  there  w_as  added  with  energetic  stirring  the  diazonium  chloride 
prepared  from  3.65  g  of  2-metliyl-5-aminobenzothiazole,  5.7  ml  of  hydrochloric  acid,  5  ml  of  water  and  1.68  g 
of  sodium  nitrite  in  3  ml  of  water.  The  evolution  of  gaseous  products  began  at  16*  and  continued  for  1  hr.  The 
mixture  was  stirred  for  1  hr  at  room  temperature.  The  base  was  recrystallized  from  80  ml  of  methanol.  Yield: 
0.68  g.  Colorless  crystals  wltfi  m.  p.  128-129*. 

Found  %:  S  12.18,  11.92.  C^H^NS.  Calculated  %:  S  12.07. 

2-Methyl-6-(p-methylstyryl)-benzotfiiazole  (Ill).  A  mixture  of  3.5  g  (0.02  mole)  of  p-methylclnnamlc 
acid,  60  ml  of  acetone,  5.8  g  (0.04  mole)  of  sodium  acetate  and  1.1  g  (0.0066  mole)  of  cupric  chloride  in  4  ml 
of  water  was  cooled  to  —2*.  To  the  cooled  mixture  there  was  added  the  diazonium  salt  solution  prepared  by 
diazotization  of  3.46  g  of  2-methyl-6-amlnobenzoihlazole  in  5.4  ml  of  hydrochloric  acid  and  4  ml  of  water  with 
1.6  g  of  sodium  nitrite  in  3  ml  of  water.  Evolution  of  carbon  dioxide  began  at  20*  and  lasted  for  1.5  hr.  The 
yield,  after  recrystallization  from  meflianol,  0.93  g.  Colorless  crystals  with  m.  p.  155-156*. 

Found  %:  S  11.98,  11.83.  C„HisNS.  Calculated  %:  S  12.07. 

2-Methyl-5-(p-methoxy8tyryl)-benzothlazole  (IV).  2-Methyl-5-amlnobenzothiazole  (16.4  g)  was  diazo¬ 
tized  as  indicated  above.  Into  a  flask  there  was  placed  17.8  g  (0.1  mole)  of  p-methoxyclnnamlc  acid,  180  ml 
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(0.56  g:  0.002  mole)  and  0.32  g  of  diethyl  sulfate  (0.0021  mole)  were  heated  for  4.5  hrs  at  135-140"  (in  the  paraf¬ 
fin  bath).  20  ml  of  boiling  water  was  added  to  the  contents  of  the  flask.  The  undissolved  residue  (0.15  g)  which 
turned  out  to  be  2-methyl-5-(p-methoxystyryl)-benzothiazole,  was  filtered  off  and  washed  with  water.  The  aqueous 
solution  was  concentrated  to  10  ml  and  to  it  was  added  1.5  g  of  dry  potassium  iodide  with  stirring.  The  light  yellow 
crystals  which  precipitated  were  filtered  off,  washed  with  5  ml  of  cold  water  and  dried.  Yield:  0.45  g  (51%). 

Tlicn,  the  ethiodide  was  recrystallized  from  alcohol.  Colorless  crystals  with  m.  p.  254-255®. 

Found  %:  1  28.30,  28.11.  CigHjoONSI.  Calculated  %:  1  29.06. 

Dy  e  s 

3,3'- Diethyl-6,6 *-bis-(p-methylstyryl)-thiacarbocyanine  perchlorate  (VIII).  A  mixture  of  0.052  g  (0.0002 
mole)  of  2-methyl-6-(p-methylstyryl)-benzothiazole  and  0.08  g  (0.0004  mole)  of  ethyl  ester  of  p-toluenesulfonic 
acid  was  heated  on  an  oil  bath  for  6  hrs  at  145-155®.  The  quaternary  salt  was  dissolved  in  1  ml  of  pyridine,  treated 
wltli  0.3  g  of  ethyl  orthoformate  and  refluxed  for  20  min.  The  dye  was  precipitated  with  hot  aqueous  solution  of 
sodium  perchlorate  and  was  recrystallized  from  alcohol.  Small  bronze-colored  crystals;  m.  p.  229®  (with  decomp.). 
Yield:  0.04  g  (30%). 

Found  7o:  N  4.06,  4.04.  C39H3704N2S^1.  Calculated  %:  N  4.17. 
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3,3*-Dlethyl-6,6*-dtcoumarlnylthiacarbocyantne  p~toluenesulfonate  (IX)  was  prepared  by  refluxing  for  15 
min  a  mixture  of  0.44  g  (0.001  mole)  of  ethyl  p-toluenesulfonate  of  2-methyl-6-coumarlnylbenzothlazole  and 
0.5  g  of  ethyl  ortho  formate  In  3  ml  of  pyridine.  The  dye  was  precipitated  with  ether  and  was  recrystalllzed  from 
alcohol.  Yield:  0.12  g  (28%).  Violet  crystals  with  m.  p.  230-232”. 

Found  %:  S  11.94,  11.53.  C46H36O7N2S3.  Calculated  %:  S  11.63. 

3,3*-Dlethyl-5,5*-dlstyrylthiacarbocyanlne  p-toluenesulfonate  (X).  A  mixture  of  0.45  g  (0.001  mole)  of 
ethyl  p-toluenesulfonate  of  2-methyl-5-styrylbenzothiazole,  0.5  g  (0.003  mole)  of  ethyl  orthoformate  and  3  ml 
of  pyridine  was  refluxed  for  50  min.  The  dye  was  precipitated  with  ether  and  was  recrystalllzed  from  alcohol. 

Yield:  0.13  g  (34.6%).  Violet  crystals  with  m.  p.  257-260”. 

Found  %:  S  13.32,  13.09.  C44Fl4oOsN2S3.  Calculated  %:  S  13.54. 

3,3*-Dlethyl-5,5*-distyryl-9-methylthiacarbocyanlne  Iodide  (XI).  2-Methyl-5-styrylbenzothlazole  (0.25  g, 

0.001  mole)  and  0.16  g  of  diethyl  sulfate  (0.0105  mole)  were  heated  for  2  hrs  at  125-130”.  To  the  resulting  quater¬ 
nary  salt  diere  was  added  0.32  g  of  ethyl  ortiioacetate,  2  ml  of  pyridine  and  0.05  g  of  acetic  anhydride  and  the 
mixture  was  refluxed  for  15  min.  The  dye  was  precipitated  with  ether,  dissolved  In  alcohol,  treated  with  an  aqueous 
solution  of  potassium  Iodide  and  recrystalllzed  from  alcohol.  Yield:  0.06  g  (16.8%).  Violet  crystals  with  m.  p. 
273-274”. 

Found  %:  1  17.75,  17.80.  CsjHjjNjSjI.  Calculated  %:  117.86. 

3,3*,9-Trlethyl-5,5*-dlstyrylthlacarbocyanlne  Iodide  (XII)  was  prepared  analogously  by  heating  0.25  g  (0.001 
mole)  of  2-methyl-5-styrylbenzothiazole  and  0.16  g  of  diethyl  sulfate  for  3  hrs  at  130-140”.  To  the  quaternary 
salt  there  was  added  0.26  g  of  ethyl  orthopropionate,  2  ml  of  pyridine  and  0.05  g  of  acetic  anhydride  and  the  mix¬ 
ture  was  refluxed  for  15  min.  Yield:  0.08  g  (22%).  Violet  crystals  with  m.  p.  264-265". 

Found  %:  I  17.32,  17.29.  CagHjjNjSjI.  Calculated  %:  1 17.52. 

3,3*- Diethyl-5, 5 *-bls-(p-methylstyryl)-thiacarbocyanlne  ethyl  sulfate  (XIII).  A  mixture  of  0.26  g  (0.001 
mole)  of  2-methyl-5-(p-methylstyryl)-benzothiazole  and  0.16  g  of  diediyl  sulfate  was  heated  for  3  hrs  at  130-135*. 

To  the  resulting  solid  mass  there  was  added  3  ml  of  pyridine,  0.5  g  of  ethyl  ortho  formate  and  the  mixture  was 
refluxed  for  20  min.  The  resulting  crystalline  precipitate  was  filtered  off  and  recrystalllzed  from  alcohol.  Green 
needles  with  metallic  sheen;  m.  p.  292-293”.  Yield:  0.21  g  (58%). 

Found  %:  S  12.94,  12.84.  C4iH4204N2S3.  Calculated  %:  S  13.28. 

3,3*-Diethyl-5,5*-bis-(p-methoxystyryl)-thiacarbocyanine  bromide  (XIV)was  prepared  analogously  by  heat¬ 
ing  0.28  g  (0.001  mole)  of  2-methyl-5-(p-methoxystyryl)-benzothiazole  and  0.16  g  of  diethyl  sulfate  3  hrs  at 
130-135*.  To  the  resulting  quaternary  salt  there  was  added  0.5  g  of  ethyl  orthoformate,  and  3  ml  of  pyridine  and 
the  mixture  was  refluxed  for  40  min.  The  dye  was  precipitated  with  ether  and  was  dissolved  in  160  ml  of  alcohol. 

The  resulting  precipitate  was  filtered  off,  washed  with  alcohol  and  with  ether.  Yield:  0.21  g  (54%);  m.  p.  280-281”. 

A  solution  of  0.1  g  of  the  dye  in  1 : 1  alcohol-pyridine  mixture  was  heated  to  boiling  and  was  precipitated 
with  a  hot  aqueous  solution  of  potassium  bromide.  After  recrystalllzation  from  alcohol,  the  yield  was  0.06  g. 

Dark  green  plates  with  m.  p.  235-236*. 

Found  %:  Br  11.34,  11.50.  CagHayOjNjSjBr.  Calculated  %:  Br  11.28. 

3,3'-Dlethyl-5,5*-bls-(p-methoxy8tyTyl)-9-methylthlacarbocyanlne  Iodide  (XV).  A  mixture  of  0.28  g  of 
2-methyl-5-(p-methoxystyryl)-benzothlazole  and  0.16  g  of  diethyl  sulfate  was  heated  for  3  hrs  at  130-135*.  To 
the  solid  brown  mass  there  was  added  0.32  g  of  ethyl  orthoacetate,  2  ml  of  pyridine  and  0.05  g  of  acetic  anhydride 
and  the  mixture  was  refluxed  for  40  min.  Yield:  0.12  g  (30%);  m.  p.  189-190*.  Then  the  dye  was  dissolved  In 
a  mixture  of  pyridine  and  alcohol  and  was  precipitated  with  potassium  iodide.  Yield;  0.05  g;  m.  p.  244-245*. 

^all  crystals  with  a  bronze  sheen. 

Found  %;  1 16.64,  16.41.  C40H3PJN2S2I.  Calculated  %:  1 16.49. 

3,3*,9-Trlethyl-5,5*-bls-(p-metfaoxystyryl)-thlacarbocyanine  ethyl  sulfate  (XVI)  was  prepared  analogously 
by  heating  0.28  g  of  2-methyl-5-(p-methoxystyryl)-benzothlazole  and  0.16  g  of  diethyl  sulfate  for  3.5  hrs  at  130- 
135*.  To  the  resulting  solid  mass  there  was  added  2  ml  of  pyridine,  0.26  g  of  ethyl  orthopropionate  and  0.05  g  of 
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acetic  anhydride  and  the  mixture  was  refluxed  for  40  min.  The  dye  was  precipitated  with  ether  and  was  recrystal¬ 
lized  from  alcohol.  Yield:  0.07  g  (17.2%).  Violet  crystals  with  m.  p.  252-255*. 

Found  %:  S  12.14,  11.85.  C43Fl4606N2^3*  Calculated  %:  S  12.26. 

3,3*- Diethyl-5, 5*-bis-(a-thienylvinyl)-thiacarbocyanine  p-toluenesulfonate  (XVII).  Ethyl  p-toluenesulfonate 
(0.46  g)  of  2-methyl-5-(a-thlenylvinyl)-benzothiazole,  0.5  g  of  ethyl  orthoformate  and  3  ml  of  pyridine  were 
refluxed  for  40  min.  The  dye  was  precipitated  with  ether  and  was  recrystallized  from  alcohol.  Yield:  0.18  g; 
m.  p.  220°  (with  decomp.).  Small  crystals  of  dark  green  color. 

Found  %:  5  20.94,  20.97.  C40H36O3N2S5.  Calculated  %:  S  21.25. 

3,3*- Diethyl-5, 5 '-bis-(a-thienylvinyl)-9-methylthiacarbocyanlne  iodide  (XVIII).  A  mixture  of  0.26  g 
of  2-methyl-5-(a-thienylvlnyl)-benzothiazole  and  0.16  g  of  diethyl  sulfate  was  heated  for  3  hrs  at  130-135*. 

To  the  solid  mass  there  was  added  2  ml  of  pyridine,  0.32  g  of  ethyl  orthoacetate  and  0.05  g  of  acetic  anhydride 
and  the  mixture  was  refluxed  for  40  min.  The  resulting  precipitate  of  the  dye  was  filtered  off  and  washed  with 
alcohol  and  ether.  Yield:  0.15  g  (29%).  Violet  crystals  with  m.  p.  292-293*.  The  ethyl  sulfate  was  converted 
into  the  iodide  and  this  was  recrystallized  from  alcohol.  Yield:  0.08  g.  Crystals  with  dark  green  color;  m.  p. 
227-228". 

Found  %;  I  17.54,  17.64.  C34H31N2S4I.  Calculated  %:  I  17.59. 

3,3*,9-Trlethyl-5,5*-bis-(a-thienylvinyl)-thiacarbocyanine  iodide  (XIX)  was  prepared  by  heating  a  mix¬ 
ture  of  0.26  g  of  the  base  and  0.16  g  of  diethyl  sulfate  for  3.5  hrs  at  130-135*.  To  the  quaternary  salt  there  was 
added  0.26  g  of  ethyl  orthopropionate,  2  ml  of  pyridine  and  0.05  g  of  acetic  anhydride  and  the  mixture  was  re¬ 
fluxed  for  50  min.  The  dye  was  precipitated  with  ether,  dissolved  in  100  ml  of  alcohol,  treated  with  aqueous 
solution  of  potassium  iodide  and  recrystallized  from  alcohol.  Yield:  0.09  g.  Crystals  with  bronze  colors;  m.p. 
208-209*. 

Found  %:  I  16.95,  16.92.  C35H33N2S4I.  Calculated  %;  I  17.25. 

3,3*-Diethyl-5,5*-dicoumarinylthiacarbocyanine  p-toluenesulfonate  (XX).  A  mixture  of  0.49  g  of  ethyl 
p-toluenesulfonate  of  2-methyl -5- coumarinylbenzothiazole,  0.5  g  of  ethyl  ortho  formate  and  3  ml  of  pyridine 
was  refluxed  for  30  min.  The  resulting  precipitate  of  the  dye  was  filtered  off  and  recrystallized  from  alcohol. 
Yield:  0.13  g  (31%).  Violet  crystals  with  m.  p.  255-257*. 

Found  %:  S  10.87,  10.78.  C4gH3gO^N2S3.  Calculated  %;  S  11.63. 

3,3*- Diethyl-5,5 *-dicouiTiarinyl-9-metliyllhiacarbocyanine  ethyl  sulfate  (XXI)  was  prepared  by  heating  a 
mixture  of  0.29  g  of  2-methyl-5-coumarlnylbenzothiazole  and  0.16  g  of  diethyl  sulfate  fc)r  1  hr  at  160-170*.  To 
the  solid  mass  there  was  added  0.32  g  of  ethyl  orthoacetate,  2  ml  of  pyridine  and  0.05  g  of  acetic  anhydride  and 
the  mixture  was  refluxed  for  20  min.  The  dye  was  precipitated  with  ether  and  was  recrystallized  from  alcohol. 
Yield:  0.06  g.  Green  crystals  with  metallic  sheen;  m.  p.  272-273*. 

Found  %:  S  11.84,  11.92.  C42l'l3$OgN2S3.  Calculated  %:  S  12.10. 

SUMMARY 

1.  Seven  new  derivatives  of  benzothlazole,  containing  unsaturated  groups  in  5-  or  6-  positions,  were  pre¬ 
pared  by  the  reaction  of  arylacrylic  acids  or  coumarin  with  the  diazotlzed  2-methyl-5-amino-  or  2-metliyl-6- 
am  inobenzothiazoles. 

2.  Several  quaternary  salts  were  prepared  by  heating  the  bases  with  alkylating  agents. 

3.  Fourteen  thiacarbocyanlnes,  containing  unsaturated  groups  in  5-  or  6-posltions,  were  prepared  by  con¬ 
densation  of  the  quaternary  salts  with  ortho  esters  of  carboxylic  acids  in  pyridine. 

4.  It  was  shown  that  the  introduction  of  unsaturated  groups  into  5,5*-  or  6, 6*- positions  of  the  tiilacarbocya- 
nlne  molecule  produces  a  strong  bathochromic  effect. 
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LIQUID  PHASE  OXIDATION  OF  ALKYLAROMATIC  HYDROCARBONS  WITH 

ATMOSPHERIC  OXYGEN 


OXIDATION  OF  p-CYMENE  AND  p-SEC-BUTYLTOLUENE 
V.  V.  Fedorova  and  P.  G.  Sergeev 


According  to  some  data  [1,  2]  the  action  of  oxygen  In  autoxidation  of  p-cymene  is  directed  to  the  primary 
a-carbon.  A  hydroperoxide  of  p-cymene  was  isolated  which  corresponded  to  formula  (I)  [2]  but  no  characteriza¬ 
tion  of  tliis  hydroperoxide  was  given. 


CHoOOII  CH.3 

I  1 

^  \ 

kJ  k' 

I  I 

C 1 1 3-C 1 1  — 1  I C  I  1  3— C-  C  I  I  3 

()0|| 

(I)  (11) 

On  the  other  hand,  it  was  found  [3]  that  in  the  oxidation  of  p-cymene  in  emulsion  with  aqueous  alkali  the 
sole  primary  oxidation  product  is  a  hydroperoxide  which  contains  active  oxygen  at  the  tertiary  a-carbon  atom  (II). 
The  hydroperoxide  of  such  structure  was  also  obtained  later  [4]  in  the  homogeneous  liquid  phase  oxidation  of  p-cy¬ 
mene  with  a  catalyst  at  95”.  Ffowever,  according  to  other  authors  [5,  6],  oxidation  of  p-cymene  proceeds  at 
both  the  primary  and  the  tertiary  a-carbon  atoms. 

In  1953  we  set  up  some  experiments  for  the  study  of  oxidation  of  p-cymene  by  atmospheric  oxygen  in  the 
presence  of  a  small  amount  of  a  catalyst  which  was  soluble  in  the  hydrocarbon,  as  well  as  in  an  aqueous  alkaline 
emulsion,  in  order  to  isolate  the  resulting  hydroperoxides  and  to  establish  their  structures.  In  both  cases  there  was 
Isolated  from  the  oxidized  hydrocarbon  only  the  tertiary  hydroperoxide  (II),  whose  structure  was  established  by  the 
reaction  with  sulfuric  acid.  Along  with  the  hydroperoxide  there  were  found  among  the  oxidation  products  in  oxi¬ 
dized  p-cymene  some  cumyl  aldehyde  and  p-methylacetophenone,  while  after  oxidation  in  the  homogeneous 
medium  there  was  also  isolated  some  cumic  acid.  In  the  emulsion  oxidation,  the  aqueous  layer,  which  contained 
both  die  emulsifier  and  the  acidic  products  of  reaction,  was  not  examined  by  us. 

The  results  obtained  by  us  give  basis  for  considering  that  in  the  oxidation  of  p-cymene  the  oxygen  reacts 
at  both  the  primary  and  the  tertiary  a-carbon  atoms  of  the  side  chains,  forming  hydroperoxides  of  two  types.  The 
direction  of  the  reaction  is  not  changed  by  change  in  die  method  of  oxidation.  At  the  end  of  our  investigation 
there  was  published  a  paper  [7]  in  which  it  was  found  that  the  relative  activity  of  the  methyl  and  the  isopropyl 
groups  in  the  p-cymene  relative  to  oxygen  and  in  emulsion  and  in  photochemical  oxidation  at  85*  stands  in  the 
ratio  of  1 :  3.5. 

p-sec-Butyltoluene,  analogous  to  p-cymene,  has  one  primary  and  one  tertiary  a-carbon  atom,  which  are 
capable  of  being  oxidized.  No  literature  data  exist  concerning  die  oxidation  of  this  hydrocarbon. 
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We  ran  the  oxidation  of  p-sec-butyltoluene  in  homogeneous  medium  under  the  same  conditions  as  in  the 
oxidation  of  p-cymene.  In  the  reaction  mixture  after  the  oxidation  there  were  found,  in  addition  to  the  hydro¬ 
peroxide,  sofne  p-sec-butylbenzaldehyde  and  p-methylacetophenone,  which  fact  speaks  for  oxidation  of  p-sec- 


butyltoluene  yielding  the  hydroperoxides  of  both  types  (III)  and  (IV). 
as: 

The  reaction  scheme  may  be  represented 
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The  hydroperoxide  of  p-sec-butyltoluene,  isolated  by  us,  corresponded  to  formula  (IV),  which  was  confirmed 
by  the  decomposition  of  this  hydroperoxide  in  the  presence  of  sulfuric  acid  into  p-cresol  and  meihyl  ethyl  ketone. 

EXPERIMENTAL 

Oxidation  of  p-cymene.  Prior  to  oxidation  p-cymene  was  washed  with  sulfuric  acid  (d  1.84),  water,  sodium 
hydroxide  solution  and  water,  and  after  drying  was  carefully  fractionated. 

B.  p.  30-30.5*  at  2  mm,  n*®D  1.4906,  d4*°  0.8579.  According  to  data  of  [8]:  b.  p.  177.25*  at  760  mm, 
n*®D  1.4909,  di*®  0.8573. 

The  oxidation  was  run  in  a  cylindrical  flask  with  a  widened  upper  portion,  provided  with  a  reflux  condenser 
(connected  to  a  trap),  a  thermometer,  stirrer  and  a  capillary  tube  fr)r  air  inlet. 

In  the  homogeneous  oxidation  experiments,  p-cymene  was  charged  into  the  flask  along  with  manganese 
reslnate  (5  mg  per  mole)  and  a  few  drops  of  97<7o  Isopropylbenzene  hydroperoxide  as  an  initiator  of  oxidation.  The 
temperature  of  p-cymene  was  raised  to  110*,  after  which  dry  air  was  introduced  into  it  at  the  rate  of  8-10  llters/hr 
per  mole  of  material.  The  amount  of  absorbed  oxygen  amounted  to  0.5-0.6  llters/hr  per  mole  during  the  initial 
4  hrs  of  oxidation.  The  content  of  the  hydroperoxide  determined  iodometrically  grew  at  the  rate  of  2.7-3*70  per 
hour,*  which  remained  constant  for  6-7  hrs,  then  began  to  decline.  After  12  hrs  the  reaction  mixture  had  accu¬ 
mulated  up  to  24%  of  the  hydroperoxide. 

For  the  emulsion  oxidation  there  was  charged  into  the  reactor  50  ml  of  p-cymene,  100  ml  of  1.3%  soda 
solution,  0.15  g  of  sodium  stearate  and  a  few  drops  of  isopropylbenzene  hydroperoxide.  The  oxidation  was  run  at 
95*.  The  amount  of  hydroperoxide  after  18  hrs  was  5.8%. 

Isolation  of  cumyl  aldehyde.  The  oxidized  p-cymene  (1.38  g)  which  contained  14.11%  of  the  hydroperoxide, 
was  dissolved  in  eftiyl  alcohol  and  iiaken  energetically  for  4  hrs  with  excess  40%  solution  of  sodium  bisulfite  in 
order  to  destroy  tfie  hydroperoxide. 

The  aldehyde  which  was  present  gave  a  water  soluble  compound  with  the  excess  sodium  bisulfite;  the 
aqueous  layer  was  separated  while  frie  hydrocarbon  layer  was  repeatedly  treated  with  sodium  bisulfite  for  a  com- 

•  The  calculation  was  made  conditionally  based  on  monohydroperoxide. 
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plete  removal  of  the  aldehyde.  The  treatment  of  die  aqueous  solution  of  the  bisulfite  compound  of  the  aldehyde 
with  2,4-dinitrophenylhydrazine  solution  in  2  N  hydrochloric  acid  led  to  the  isolation  of  a  precipitate  of  a  2,4- 
dinitrophenylhydrazone.  M.  p.  236-238*  (from  xylene).  According  to  data  [9];  m.  p.  241*. 

Found  %:  C  56.91,  56.92;  H  5.17,  5.56;  N  16.37.  C16H16O4N4.  Calculated  %:  C  58.53;  H  4.94;  N  17.06. 

A  certain  divergence  from  the  literature  data  in  the  melting  point  and  the  analyses,  in  respect  to  the  car¬ 
bon  and  nitrogen  content,  can  be  explained  probably  by  die  incomplete  separation  of  cumyl  aldehyde  from  the 
ketone  present  in  the  reaction  mixture. 

Isolation  of  p-methylacetophenone.  From  the  hydrocarbon  layer  remaining  after  the  isolation  of  cumyl 
aldehyde  in  the  ftjrm  of  its  bisulfite  compound,  there  was  isolated  the  p-methylacetophenone  in  the  form  of  its 
2,4-dinitrophenylhydrazone.  M.  p.  252-253.8*.  Mixed  melting  point  gave  no  depression  with  an  authentic  sam¬ 
ple. 

In  the  emulsion  method  of  oxidation  of  p-cymene,  there  was  isolated  from  the  hydrocarbon  layer  by  the 
same  method  as  above  a  quantity  of  the  2,4-dinitrophenylhydrazones  of  cumyl  aldehyde  and  p-methylaceto¬ 
phenone. 

Isolation  of  cumic  acid.  p-Cymene  (76  g)  oxidized  in  the  presence  of  manganese  resinate  and  containing 
14.11%  of  hydroperoxide,  was  treated  with  5%  solution  of  sodium  bicarbonate.  After  evaporation  and  acidifica¬ 
tion  of  the  sodium  carbonate  extract,  there  was  obtained  0.82  g  of  cumic  acid.  M.  p.  115*  (from  water).  Accord¬ 
ing  to  data  [9]:  m.  p.  115-116*. 

Isolation  of  hydroperoxide.  Oxidized  p-cymene  (76  g)  containing  14.11%  of  hydroperoxide  was  first  washed 
successively  with  solutions  of  5%  sodium  bicarbonate  and  0.5%  sodium  hydroxide  in  order  to  remove  acids  and 
phenols,  after  which  it  was  treated  with  15  ml  of  5%  sodium  hydroxide  with  cooling. 

The  oxidized  p-cymene,  after  having  been  washed  with  water  and  with  alkali,  was  subjected  to  a  vacuum 
distillation  (6  mm)  for  the  removal  of  unreacted  p-c)nTiene.  The  residue  after  the  distillation  (13.24  g),  contain¬ 
ing  49.2%  of  hydroperoxide,  was  diluted  with  benzene  and  treated  with  7  ml  of  25%  sodium  hydroxide  with  cool¬ 
ing.  The  precipitate  of  the  sodium  salt  of  the  hydroperoxide,  which  formed  after  standing,  was  separated,  dis¬ 
solved  in  water  and  die  solution  was  saturated  with  carbon  dioxide.  The  resulting  oil  was  extracted  with  ether, 
after  the  distillation  of  which  there  remained  4.91  g  of  a  viscous  liquid  containing  by  analysis  75.96%  of  mono¬ 
hydroperoxide.  This  liquid  was  again  treated  with  25%  sodium  hydroxide  with  isolation  of  die  sodium  salt  of  hydro¬ 
peroxide  and  isolation  of  a  still  more  concentrated  hydroperoxide.  The  latter  specimen  was  distilled  in  vacuo  at 
residual  pressure  of  10"®  mm,  which  led  to  the  isolation  of  1.67  g  of  a  fraction  which  formed  a  faintly  colored 
liquid  with  a  penetrating  odor. 

B.  p.  35-38*  at  0.001  mm,  n^’D  1.5199,  d4*°  1.0369.  MR^  48.72;  calc.  48.82.  Found  %:  0  71.66,  71.68; 

H  8.79,  8.74;  active  O  9.11.  CioHjiOj.  Calculated  %:  C  72.25;  H  8.49;  active  O  9.62. 

A  sample  (1.278  g)  of  the  hydroperoxide  was  dissolved  in  5  ml  of  ether  and  diis  solution  was  decomposed 
by  a  mixture  of  5  ml  of  ether  and  10  drops  of  sulfuric  acid  (d  1.84).  The  temperature  of  the  mixture  during  the 
decomposition  did  not  rise  over  40*.  The  decomposed  mass  was  neutralized  with  potassium  carbonate  and  to  it 
was  added  10%  solution  of  sodium  hydroxide  in  order  to  bind  p-cresol.  Acetone  was  separated  from  the  cresolate 
solution  by  steam  distillation  and  its  content  in  the  distillate  was  determined  by  the  reaction  wltha  solution  of 
hydroxylamine  hydrochloride.  p-Cresol,  remaining  in  the  flask  after  the  distillation  of  acetone,  was  determined 
lodometrically.  There  was  found  in  the  analysis  of  the  decomposed  mass  (in  %of  theoretical  content);  p-cresol 
100,  acetone  86.  p-Cresol  was  identified  in  the  form  of  p-cresoxyacetic  acid;  m.  p.  135.5".  According  to  data 
[10]:  m.  p.  136*. 

Found  %:  0  65.34,  65.62;  H  6.2,  6.6.  C9H10O3.  Calculated  %:  0  65.04;  H  6.06. 

Acetone  was  identified  in  the  form  of  its  2,4-dinltrophenylhydrazone.  M.  p.  124-125.3*  (from  alcohol). 
According  to  data  [11]:  m.  p.  126*. 

Oxidation  of  p-sec-butyltoluene.  The  starting  material,  p-sec-butyl toluene,  was  prepared  by  alkylation  of 
toluene  with  2- butene  in  the  presence  of  5%  of  aluminum  chloride  at  42*.  The  p-sec-butyltoluene  which  was 
Isolated  by  distillation  through  a  laboratory  fractionating  column,  was  washed  with  sulfuric  acid  (d  1.84),  then 
neutralized  with  alkali  and  was  again  washed  wltii  water.  It  was  carefully  fractionated  after  drying. 
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B.  p.  56.5-57*  at  4.5  mm,  0.865,  n^D  1.4934.  According  to  data  [12]:  b.  p.  193-194"  at  760  mm, 
d4*®  0.8665,  n”D  1.4938. 

After  oxidation  of  the  resulting  butyltoluene  with  potassium  permanganate  In  alkaline  medium  there  was 
Isolated  terephthalic  acid,  which  then  was  converted  to  dimethyl  terephthalate  with  m.  p.  140*  (from  alcohol). 
According  to  data  [13]:  m.  p.  140*. 

Oxidation  of  p-sec-butyltoluene  was  run  in  the  presence  of  5  mg/mole  of  manganese  reslnate  at  110*  using 
as  oxidation  initiator  the  isopropylbenzene  hydroperoxide,  as  above. 

The  rate  of  formation  of  the  hydroperoxide  was  not  over  0.5%  per  hour*  during  the  first  4  hrs  of  the  process, 
with  a  gradual  decrease  of  it  in  the  latter  stages  of  die  oxidation.  After  16  hrs  of  oxidation  there  was  accumulated 
but  4%  of  the  hydroperoxide  in  the  hydrocarbon.  The  mean  rate  of  oxygen  absorption  during  this  process  was 
0.12-0.14  liter /hr  per  mole  of  hydrocarbon  during  the  first  4  hrs  of  reaction  and  decreased  slightly  in  the  subse¬ 
quent  period  of  the  process.  Thus,  the  major  part  of  the  hydroperoxide  decomposed  during  the  very  process  of 
oxidation.  The  oxidation  of  the  recovered  p-butyltoluene  (purified  by  treatment  with  sulfuric  acid  and  distilla¬ 
tion)  was  found  to  proceed  at  the  same  rate. 

p-sec-Butylbenzaldehyde  was  isolated  from  tiie  oxidized  hydrocarbon  by  the  technique  analogous  to  that 
used  for  the  extraction  of  cumyl  aldehyde  from  oxidized  p-cymene,  in  the  form  of  2,4-dlnitrophenylhydrazone. 

M.  p.  175-177.5"  (from  alcohol). 

Found  %:  N  16.99.  Ci7Hju04N4.  Calculated  %:  N  16.35. 

p-Methylacetophenone  was  isolated  from  the  oxidized  p-sec-butyltoluene  by  the  method  described  for  the 
Isolation  of  tliis  substance  from  oxidized  p-cymene,  in  the  form  of  2,4-dinitrophenylhydrazone.  M.  p.  251-252*. 
A  mixed  melting  point  showed  no  depression. 

Isolation  of  hydroperoxide.  Oxidized  p-sec-butyltoluene  (184  g)  containing  3.95%  of  hydroperoxide  was 
freed  of  acid  admixtures  by  washing  with  5%  sodium  hydroxide  and  was  then  dried.  After  distillation  of  the  un- 
oxldized  butyltoluene  in  vacuo  (54-57*  at  5  mm)  there  remained  in  the  flask  a  product  containing  72.18%  of 
monohydroperoxide.  By  a  series  of  successive  distillations  of  this  substance  in  vacuo  of  0.03  mm  in  a  flask  with 
a  low-set  side  atm,  there  was  obtained  0.8  g  of  a  fraction  boiling  at  73-75*  (n^D  1.5200)  showing  in  iodometric 
analysis  the  content  of  81.85%  of  hydroperoxide.  A  sample  (0.7643  g)  of  the  hydroperoxide  was  dissolved  in  5  ml 
of  ether  and  was  decomposed  by  a  mixture  of  sulfuric  acid  (d  1.84)  and  ether.  The  decomposed  mass  was  neutra¬ 
lized  with  potassium  carbonate  and  was  analyzed  for  tile  p-cresol  content  (see  above)  and  for  methyl  ethyl  ketone 
content  (by  the  method  of  acetone  determination  in  decomposition  of  p-cymene  hydroperoxide).  The  yield  (in 
%of  theoretical):  p-cresol  100,  methyl  ethyl  ketone  78.7.  Methyl  ethyl  ketone  was  identified  in  the  form  of 
2,4-dinttrophenylhydrazone.  M.  p.  115*  (from  alcohol).  Mixed  melting  point  gave  no  depression. 

Owing  to  the  insignificant  amount  of  p-cresol,  we  identified  it  only  by  a  qualitative  test  [14]. 

SUMMARY 

1.  The  oxidation  of  p-cymene  and  p-sec-butyltoluene  by  atmospheric  oxygen  in  liquid  phase  at  110*  in 
the  presence  of  manganese  resinate  was  examined.  For  p-cymene  there  was  also  run  an  oxidation  in  aqueous 
alkaline  emulsion  at  95*. 

2.  It  was  found  that  in  oxidation  of  p-cymene  and  p-sec-butyltoluene  oxygen  reacts  with  both  the  primary' 
and  the  tertiary  a-carbon  atoms.  In  case  of  p-cymene  it  was  established  that  the  direction  of  the  reaction  is  not 
changed  by  alteration  of  tiie  oxidation  method. 

3.  Hydroperoxide  of  p-cymene  and  hydroperoxide  of  p-sec-butyltoluene  were  prepared.  The  isolated  hydrO' 
peroxides  have  the  structure  of  tertiary  hydroperoxides. 
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LIQUID  PHASE  OXIDATION  OF  ALKAROMATIC  HYDROCARBONS  BY 

ATMOSPHERIC  OXYGEN 

OXIDATION  OF  p-DI-SEC-BUTYLBENZENE 
V.  V.  Fedorova  and  P.  G.  Sergeev 


Liquid  phase  oxidation  of  dialkyl  substituted  benzenes  In  which  both  substituents  are  alike  had  not  been 
studied  much  up  to  this  time.  The  exceptions  are  only  p-xylene  [1]  and  m-  and  p-dilsopropylbenzenes  [2],  from 
which  only  monohydroperoxides  have  been  prepared,  while  the  diisopropylbenzenes  also  yielded  the  dihydroperox- 
Ides.  Ffowever,  even  in  these  cases  die  kinetics  and  mechanism  of  the  formation  of  dihydroperoxides  have  not 
been  studied.  At  the  same  time,  the  possibility  of  formation  of  p-  and  m-dihydroperoxides  by  oxidation  of  such 
hydrocarbons  has  not  only  the  scientific  but  also  the  practical  points  of  interest  as  a  possible  new  padi  for  the  pre¬ 
paration  of  hydroqulnone  and  resorcinol. 

We  conducted  a  study  of  the  oxidizability  of  p-dl-sec-butylbenzene  with  atmospheric  oxygen  in  liquid 
phase  at  110*  in  the  presence  of  minimum  amounts  of  a  catalyst  which  was  soluble  In  the  hydrocarbon.  The  rate 
of  oxidation  was  0.22-0.25%  of  active  oxygen  per  hour.  It  was  found  that  in  the  oxidation  of  this  hydrocarbon 
there  are  formed  both  the  mono-  and  the  dlhydroperoxldes.  The  monohydroperoxide,  which  was  Isolated  by  us  in 
the  free  state,  decomposed  under  the  action  of  sulfuric  acid  with  formation  of  p-sec-butylphenol  and  methyl  ethyl 
ketone  by  the  scheme; 


Glia  CII3  GII3 

nc_/^  ^G— OOH  — -HV  HG-^  ^OH -f-GHjCOGaHr, 

G.,Hr.  C2H5  Calls 


The  dihydroperoxide,  obtained  in  a  mixture  with  monohydroperoxide,  was  transformed  in  the  presence  of 
sulfuric  acid  into  hydroqulnone  and  methyl  ethyl  ketone.  For  clarification  of  the  practical  possibility  of  prepara¬ 
tion  of  hydroqulnone  by  oxidation  of  p-di-sec-butylbenzene,  we  determined  the  rate  of  accumulation  of 
the  dihydroperoxide  In  die  course  of  the  oxidation. 

These  determinations  were  based  on  the  fact  that  In  the  reaction  of  sulfuric  acid  with  peroxide  compounds 
contained  in  the  oxidized  p-dibutylbenzene,  there  are  obtained  p-butylphenol,  hydroqulnone  and  methyl  ethyl 
ketone.  By  determining  the  content  of  these  products  in  the  decomposed  mass,  it  was  easy  to  calculate  what 
amounts  of  mono-  and  dihydroperoxides  were  present  in  the  oxidized  p-dibutylbenzene  prior  to  the  decomposition. 
Here  we  neglected,  of  course,  tiie  presence  of  other  products  of  decomposition  of  the  hydroperoxides,  owing  to  the 
insignificant  amounts  of  them. 

On  the  basis  of  data  obtained  In  this  manner  we  constructed  the  curves  of  the  rates  of  formation  of  mono- 
and  dihydroperoxides  after  a  15-hr  oxidation  of  p-dl-sec-butylbenzene. 

The  form  of  these  curves  (see  Figure)  shows  that  the  rate  of  formation  of  the  dihydroperoxide  is  considerably 
smaller  fiian  that  of  file  monohydroperoxide  and  that,  evidently,  the  dihydroperoxide  is  formed  by  oxidation  of 
the  monohydroperoxide. 
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EXPERIMENTAL 


Preparation  of  p-dt-sec-butylbenzene.  This  hydrocarbon  was  prepared  by  us  by  alkylation  of  benzene  with 
2-butene  in  the  presence  of  aluminum  chloride  (5%  of  the  wel^t  of  benzene)  at  50-70*.  The  product  Isolated 
by  fractionation  was  purified  by  being  shaken  with  sulfuric  acid  (d  1.84)  and  was  washed  with  alkali  and  water; 
after  being  dried  it  was  distilled. 

B.  p.  91.5-92*  at  3  mm,  n*’D  1.4878,  d**®  0.8572.  According  to  data  [3]:  b.  p.  240*  at  760  mm,  n^D 
1.4878,  d^*®  0.8573. 

The  structure  of  the  isolated  product  as  that  of  p-dl- 
sec-butylbenzene  was  confirmed  by  its  oxidation  with  potas¬ 
sium  permanganate  in  alkaline  medium  to  terefrfitiialic  acid, 
from  which  there  was  then  prepared  the  dimetiiyl  ester  with 
m.  p.  140*  (from  alcohol).  According  to  data  [4]:  m.  p. 

140*. 

Oxidation  was  run  in  a  cylindrical  glass  vessel  with  a 
widened  portion  near  the  top,  provided  with  a  reflux  conden¬ 
ser  connected  to  a  trap,  thermometer,  stirrer  and  a  capillary 
for  air  inlet.  The  hydrocarbon  with  the  catalyst  dissolved  in 
it  (5-7  mg/mole  of  manganese  reslnate)  and  with  a  few  drops 
of  oxidation  initiator  (hydroperoxide  of  p-di-sec-butylben- 
zene  containing  5.85‘7o  of  active  oxygen)  was  heated  to  110*, 
after  which  air  was  Introduced  into  it  at  the  rate  of  8-10 
liters/hr  per  mole.  The  mean  rate  of  formation  of  hydro¬ 
peroxide  was  3-3.5<7o  per  hour,  •  and  remained  at  this  level 
for  12-14  hrs,  1.  e.,  the  decomposition  of  the  hydroperoxides 
during  the  oxidation  was  quite  insignificant  and  the  hydro¬ 
peroxides  themselves  were  completely  stable  during  the  accu¬ 
mulation  process.  After  14  hrs  of  oxidation  there  was  accu¬ 
mulated  up  to  48.5%  of  hydroperoxide.*  The  rate  of  oxygen 
absorption  was  0.6-0. 8  liters/hr  per  mole  and  also  remained 
constant  during  the  oxidation. 

Oxidation  of  the  recovered  p-di-sec-butylbenzene  ob¬ 
tained  by  distillation  in  vacuo  from  the  oxidation  products  and 
purified  with  sulfuric  acid  proceeded  at  the  same  rate  as  above. 

Isolation  of  dihydroperoxide  of  p-di-sec-butylbenzene.  Oxidized  p-di-sec-butylbenzene  (103  g)  containing 
3.53%  of  active  oxygen  was  washed  with  5%  soda  solution  for  the  removal  of  acidic  products  and  was  distilled  in 
vacuo  (2.5  mm)  after  drying.  After  tfte  separation  of  the  unoxidized  hydrocarbon  at  90*  there  remained  in  the 
pot  45.58  g  of  a  liquid  containing  6.64%  of  active  oxygen.  This  residue  was  diluted  with  20  ml  of  ether  and,  with 
cooling,  there  was  added  to  it  17.5  ml  of  40%  sodium  hydroxide,  the  addition  being  made  gradually.  The  result¬ 
ing  precipitate  of  sodium  salts  of  hydroperoxides  was  washed  with  ether  by  decantation,  pressed  dry  with  a  spatula 
in  a  beaker  and  was  covered  with  water.  Carbon  dioxide  was  passed  through  the  resulting  suspension.  The  hydro¬ 
peroxides  liberated  thereby  were  then  extracted  with  ether,  after  the  distillation  of  whicli  there  remained  a  viscous 
liquid  containing  9.54%  of  active  oxygen;  n*®D  1.5243. 

Found  %:  C  68.20,  67.47;  H  8.84,  8.71;  active  O  9.54.  CJ4H22O2.  Calculated  %:  C  75.63;  H  9.91; 
active  O  7.20.  Calculated  %:  C  66.14;  H  8.66;  active  O  12.59. 

The  presence  of  the  dihydroperoxide  in  the  product  was  confirmed  by  the  reaction  with  sulfuric  acid. 

A  small  amount  of  the  product  (about  2  g)  was  dissolved  in  ether  and  to  it  was  added  dropwlse  a  solution 
of  several  drops  of  sulfuric  acid  (d  1.84)  in  ether.  The  temperature  of  the  reaction  mixture  was  kept  under  45*. 

To  the  decomposed  mixture  there  was  added  75  ml  of  30%  aqueous  solution  of  ferric  chloride  and  the  mixture 


•  Calculated  provisionally  on  monohydroperoxide. 


Accumulation  of  mono-  and  dihydroperoxides 
in  oxidation  of  p-dl-sec-butylbenzene:  1)  mono¬ 
hydroperoxide;  2)  dihydroperoxide. 
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was  shaken  energetically.  Hydroquinone  Is  thereby  readily  oxidized  to  benzoqulnone  [5]  which  was  tiien  extracted 
with  chloroform.  For  reconversion  of  benzoqulnone  back  to  hydroquinone  there  was  added  to  the  separate  chloro¬ 
form  layer  50  ml  of  10<7o  sulfuric  acid  and  65  ml  of  10%  potassium  Iodide.  The  mixture  containing  the  separated 
Iodine  was  treated  with  sodium  thiosulfate  solution.  The  hydroquinone  which  is  Insoluble  in  chloroform  distributed 
Itself  in  the  aqueous  layer  from  which  it  was  then  extracted  with  ether.  After  the  distillation  of  ether  there  re¬ 
mained  crystals  of  hydroquinone.  The  yield  was  about  0.3  g.  M.  p.  168-169°.  Mixed  melting  point  gave  no  de¬ 
pression. 

Found  %:  C  65.64,  65.97;  H  5.70,  6.17.  CgHeOj.  Calculated  %:  C  65.44;  H  5.49. 

Isolation  of  monohydroperoxide  of  p-di-sec-butylbenzene.  As  a  result  of  several  experlmentson  oxida¬ 
tion  of  p-dl-sec-butylbenzene  and  separation  of  the  dihydroperoxide  from  the  resulting  reaction  mixture  as  de¬ 
scribed  above,  there  was  collected  a  product  (total  amount  of  107.55  g;  active  oxygen  content  5.43%),  which  was 
fractionated  at  the  pressure  of  0.005  mm.  The  results  of  distillation  and  the  analyses  of  the  fractions  are  given  In 
the  Table, 


Fraction 

no. 

Boiling 

point 

Wt.  of 
fractions 
in  g 

1  Content  (in 

of  active 
oxygen 

of  monohydro' 
peroxide 

1 

27—30° 

6.48 

2.35 

32.29 

2 

37—60.5 

28.70 

2.37 

32.53 

3 

61-65 

14.49 

6.49 

89.30 

4 

66—78 

26.67 

7.10 

97.65 

Residue 

Above  78 

21.97 

6.2 

Losses 

9.24 

The  4th  fraction  was  p-dl-sec-butylbenzene  monohydroperoxide:  d*®  0.986,  n*D  1.5110,  MRjj  67.53;  cal¬ 
culated  67.29. 

Found  %;  C  76.21;  H  10,25;  active  O  7.10.  CuHaO*.  Calculated  %;  C  75.63;  H  9.97;  active  O  7.20. 

It  is  a  rather  viscous  liquid  with  a  penetrating  odor  characteristic  of  peroxides;  It  does  not  decompose  no¬ 
ticeably  on  being  heated  to  110°. 

A  sample  of  the  monohydroperoxide  (9.12  g)  was  dissolved  in  ether  and  decomposed  by  careful  addition  of 
a  mixture  of  sulfuric  acid  and  ether  at  45*.  The  decomposed  mixture  was  neutralized  with  potassium  carbonate 
and  analyzed.  For  binding  the  p-butylphenol  there  was  added  to  the  reaction  mixture  some  10%  sodium  hydroxide 
solution,  after  which  the  methyl  ethyl  ketone  was  separated  by  steam  distillation  and  was  analytically  determined 
in  the  distillate  by  Its  reaction  with  hydroxylamlne  hydrochloride.  For  identification  of  methyl  ethyl  ketone  Its 
2,4-dlnltro|^enylhydrazone  was  Isolated.  M.  p.  112-113°.  Mixed  melting  point  gave  no  depression. 

In  the  alkaline  solution,  remaining  after  the  distillation  of  methyl  ethyl  ketone.  In  a  separate  sample  there 
was  lodometrically  determined  the  content  of  p-sec-butylphenol;  from  the  main  body  of  the  solution  there  was 
Isolated  p-sec-butylphenol  by  acidification;  this  formed  colorless  crystals  with  characteristic  odor  of  freshly 
tanned  leafiier;  m.  p.  53*.  According  to  data  [6];  m.  p.  53-54°. 

Found  %:  C  78.75;  H  10.10.  CjoHnO.  Calculated  %:  C  79.90;  H  9.39. 

In  the  analysis  of  file  decomposed  mass  there  was  found  (In  %  of  theoretical):  p-sec-butylphenol  99.2  and 
methyl  ethyl  ketone  71.2. 

Determination  of  rates  of  formation  of  mono-  and  dihydroperoxides.  p-Di-sec-butylbenzene  (150  ml)  was 
oxidized  under  the  conditions  used  by  us  above.  Samples  were  taken  periodically  in  which  the  content  of  active 
oxygen  was  determined  after  which  the  decomposition  of  the  hydroperoxides  with  sulfuric  acid  was  performed. 

The  decomposed  sample  of  file  reaction  mixture  was  divided  into  two  parts:  from  one  part  there  were  steam  di¬ 
stilled,  In  the  presence  of  sodium  bicarbonate  solution,  the  methyl  ethyl  ketone  and  the  p-sec-butylphenol  (hydro¬ 
quinone  remains  In  the  pot  under  these  conditions)  and  their  mixture  was  separated  and  analyzed  by  the  method 
described  above  as  used  for  the  analysis  of  the  products  of  acidic  decomposition  of  monohydroperoxides. 
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In  the  second  portion  we  determined  die  content  of  hydroqulnone  by  the  method  developed  for  Its  deter¬ 
mination  In  the  presence  of  resorcinol  and  other  fiienols  [5]. 

On  the  basis  of  the  values  of  content  of  p-sec-butylphenol  and  hydroqulnone  In  the  decomposed  mixture, 
as  obtained  above,  we  calculated  the  amounts  of  mono-  and  dlhydroperoxldes  present  In  the  oxidized  hydrocarbon 
prior  to  the  decomposition  and  from  these  data  we  constructed  the  curve  of  the  change  of  content  of  hydroperox¬ 
ides  with  time. 


SUMMARY 

1.  There  was  examined  the  oxidizability  of  p-dl-sec-butylbenzene  with  atmospheric  oxygen  In  liquid 
phase  at  110*  In  the  presence  of  a  catalyst  (manganese  reslnate,  5-7  mg/mole). 

2.  It  was  shown  that  In  dlls  oxidation  there  are  formed  mono-  and  dlhydroperoxldes;  the  monohydroperox- 
Ide  was  Isolated  In  the  free  state. 

3.  The  principal  technique  for  the  separate  determination  of  mono-  and  dlhydroperoxldesln  the  reaction 
mixture  was  developed  and  on  dlls  basis  there  was  studied  the  rate  of  formation  of  mono-  and  dlhydroperoxldes 
in  oxidation  of  p-dl-sec-butylbenzene. 
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A  NEW  METHOD  FOR  THE  PREPARATION  OF  QUINALDINE  BASES  AND 
N-ARYLQUINALDINIUM  SALTS  BY  THE  CONDENSATION  OF 


ARYLAMINES  WITH  ALDEHYDES.  XX. 

V.  I.  Minkin  and  B.  I.  Ardashev 


Recent  Investigations  permit  the  conclusion  that  the  quinaldine  synthesis  by  the  method  of  Doebner  and 
Miller  [1]  proceeds  in  two  stages:  the  formation  of  dlethylideneanillne  bases  (Elbner-Ecksteln  bases)  and  their 
cyclizatlon  to  quinaldine  derivatives  [2-9]. 

The  optimum  conditions  for  the  formation  of  the  dlethylideneanillne  bases  [7]  and  for  the  preparation  of 
tfie  qulnaldlnes  from  them  [8]  differ  considerably;  we  therefore  made  an  attempt  to  separate  these  stages  of  the 
syndiesls  by  condensing  acyl  anilides  with  aldehydes  in  die  presence  of  sodium  alcoholate  and  subsequently  cy- 
clizii^  the  products  in  acid  medium.  The  reaction  mechanism  basically  seems  to  us  to  proceed  according  to 
the  following  scheme: 


/  \ 

I  I  U'ONa 

I  J— NH 
H— G=0 


/ 

J— N— Na 

I 


CHjC— 11 


H— c=0 


U— C=0  ON  a 


HGOONa  +  G„Hr,N=CHGH3 


2G«H5N=GllGll3  f:,iH.v\IIGII— GIL,— GI1=N— G„Hr, 


HCI 


GIL 


/\/\ 


— GII3 


-}-  G^HsN  II2  +  Hj. 


Some  quinaldine  bases,  for  example,  6-methoxy-,  6-ethoxy-,  and  5,6-benzoqulnaldlne  and  others,  were 
obtained  in  yields  amounting  to  98%  of  theoretical  calculated  on  the  Eibner-Ecksteln  base,  which  was  consider¬ 
ably  higher  than  the  yields  from  the  methods  previously  described. 

A  similar  method  of  carrying  out  the  reaction  with  separate  condensation  and  cyclizatlon  processes  can  be 
employed  also  for  the  synthesis  of  the  recently  described  N-arylquinaldlnium  salts  pLO-13]. 

According  to  the  proposed  method,  a  diarylamlne  is  condensed  with  acetal  in  nitrobenzene  solution,  where¬ 
upon  cyclizatlon  is  easily  obtained  Just  by  steam-distilling  off  the  solvent  from  an  acid  medium.  Thanks  to  the 
elimination  of  the  side  reaction  forming  dlarylmethane  derivatives,  which  occurs  in  acid  medium  [14],  and  to 
tfie  presence  of  an  oxidizer,  the  yield  of  some  of  die  N-arylqulnaldinlum  derivatives  amounts  to  40%  of  the 
dieoretical  calculated  on  the  amine  taken. 


of  the  two  possible  schemes  for  die  main  course  of  the  reaction  [9] 


ArNHAr  ♦  CH,C 


M 


Ar  ^0 

)nchch,c.'^ 

C  I 


Ar 


CH, 


Ar, 


Ar' 


U) 

NCH=CH2 

(11) 


and  perhaps 


Ar 

2  )nCH=CH, 
Ar 


Ar  Ar 

- "  /NCHCM  =  CHN<; 

Av  Ar 


HCl 


+  ArMHAr  + 


the  first  must  be  excluded,  since  the  Beyer  reaction  p.5]  does  not  go  under  such  conditions. 

The  production  of  the  dimer  of  vinyldiphenylamine  also  is  confirmed  by  the  formation  of  quinaldlne  from 
ethylaniline  by  condensation  with  acetylene  in  neutral  medium  [16]  and  by  die  considerable  Increase  in  yields 
of  N-arylquinaldinium  salts  on  replacement  of  acetaldehyde  by  vinyl  ether  [17]. 

EXPERIMENTAL 


l.  Synthesis  of  Quinaldlne  Bases 

Formanillde  and  acetanilide  were  used  for  the  reaction  and  gave  similar  results.  Use  of  the  free  amine 
lowered  the  yield  of  the  quinaldlne  product  approximately  by  half.  As  a  solvent  we  used  anhydrous  ethyl,  iso¬ 
butyl,  and  isoamyl  alcohol,  obtaining  the  best  results  by  the  use  of  isobutyl  alcohol. 

1.  Preparation  of  6-methylquinaldine.  3  g  of  sodium  was  dissolved  in  100  ml  of  isobutyl  alcohol,  and  13.5  g 
of  formo-p-toluidide  was  added  with  mechanical  stirring.  The  insoluble  sodium  derivative  formed  immediately, 
after  which  15  ml  of  paraldehyde  was  run  in.  Moderate  boiling  of  the  mixture  was  continued  for  3.5  hrs  with  con¬ 
stant  vigorous  stirring.  On  cooling  of  the  reaction  mixture,  40  ml  of  water,  40  ml  of  concentrated  hydrochloric 
acid,  and  1.5  g  of  zinc  chloride  were  added  and  the  mixture  was  kept  boiling  gently  for  another  3.5  hrs.  The 
alcohol  was  steam-distilled  off,  the  residue  in  the  flask  was  made  alkaline,  and  file  base  was  also  steam-distilled. 
6-Methylquinaldine  was  isolated  as  a  complex  with  potassium  ferrocyanide  [18]  that  was  decomposed  with  l^o 
sodium  hydroxide.  Yield  7.5  g  (48%  calculated  from  the  formo-p-toluidide  taken,  or  96%  calculated  from  the 
Eibner-Eckstein  base).  B.  p.  118-124°  at  2-3  mm,  m.  p.  58-59°.  Picrate,  m.  p.  187°;  methiodide,  m.  p.  242°. 

lound  %:  N  8.75.  CjiHuN.  Calculated  %:  N  8.92. 

2.  6,8-Dimethylquinaldine.  3  g  of  sodium,  100  ml  of  isobutyl  (or  ethyl)  alcohol,  and  12.1  g  of  formo-m- 
xylidide  were  used.  No  precipitate  of  sodium  derivative  formed.  On  solution  of  the  formo-m-xylidlde,  15  ml  of 
paraldeliyde  was  added,  whereupon  the  solution  changed  color  and  a  precipitate  gradually  separated,  which  was 
identified  qualitatively  as  sodium  formate.  The  mixture  was  boiled  for  3  hrs,  40-50  ml  of  solvent  was  distilled 
off,  50  ml  of  water,  50  ml  of  concentrated  hydrochloric  acid,  and  1.3  g  of  zinc  chloride  were  added,  and  boiling 
was  continued  for  another  3  hrs.  6,8-Dimethylquinaldine  was  isolated  as  in  Expt.  1.  Yield  6.8  g  (49%).  B.  p. 
255-270°.  Picrate,  m.  p.  185°. 

Found  %:  N  8.26.  C12H13N.  Calculated  %:  N  8.19. 

3.  Quinaldlne.  2.8  g  of  sodium,  100  ml  of  isoamyl  alcohol,  12.1  g  of  formanilide,  and  14  ml  of  paralde¬ 
hyde  were  used.  The  experiment  was  similar  to  Expt.  1.  Yield  of  quinaldlne  2.2  g  (15%).  B.  p.  237-250°.  Picrate, 

m.  p.  191-192°. 

Found  %;  N  9.90.  CjoHgN.  Calculated  %:  N  9.79. 

4.  6-Methoxyquinaldine.  3  g  of  sodium,  100  ml  of  isobutyl  alcohol,  15.1  g  of  formo-p-anisidide,  and 
17  ml  of  paraldehyde  were  used.  After  3.5  hrs  boiling,  45  ml  of  concentrated  hydrochloric  acid  was  added  and 
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boiling  was  continued  for  1  hr.  Yield  6.1  g  (35<7o).  B.  p.  280-292*,  m.  p.  64".  Plcrate,  m.  p.  217*;  methiodide, 
m.  p.  236-238*;  quinophthalone,  m.  p.  155*. 

Found  N  8.21.  CnHuON.  Calculated  N  8.09. 

5.  8-Methoxyquinaldine.  3  g  of  sodium,  100  ml  of  isobutyl  alcohol,  and  16.5  g  of  aceto-o-anisidide  were 
used.  Upon  addition  of  17  ml  of  paraldehyde  the  mixture  darkened  and  a  precipitate  gradually  separated,  in  which 
sodium  acetate  was  detected.  After  4.5  hrs  boiling,  40  ml  of  water,  40  ml  of  concentrated  hydrochloric  acid, 
and  1.5  g  of  zinc  chloride  were  added,  and  boiling  was  continued  for  anoftier  3.5  hrs.  Then  the  mixture  was  di¬ 
luted  with  150-200  ml  of  water  and  heated  with  activated  carbon,  and  on  cooling  8-methoxyquinaldine  was  pre¬ 
cipitated  from  the  filtrate  with  potassium  ferrocyanide.  Yield  4.7  g  (28%).  B.  p.  121-122*.  Mercury  salt,  m.  p. 
243*. 


Found  %:  N  8.30.  CnHjiON.  Calculated  %:  N  8.09. 

6.  6-Ethoxyquinaldine  was  prepared  from  16.1  g  of  formo-p-phenetidine,  15  ml  of  paraldehyde,  and  3  g 
of  sodium  in  100  ml  of  isobutyl  alcohol  after  boiling  for  4  hrs  and  then  in  acid  medium  for  3  hrs.  The  isolation 
was  carried  out  as  in  Expt.  5.  Yield  8.9  g  (48%).  B.  p.  169-175*  at  14  mm,  m.  p.  68*.  Picrate,  m.  p.  193*; 
methiodide,  m.  p.  157". 

Found  %:  N  7.25.  CxjHijON.  Calculated  %:  N  7.48. 

7.  5,6-Benzoquinaldine.  3  g  of  sodium,  100  ml  of  isobutyl  alcohol,  18.5  g  of  aceto-0  -naphthalide,  and 
15  ml  of  paraldehyde  were  boiled  for  7  hrs,  and  after  addition  of  40  ml  of  water,  40  ml  of  concentrated  hydro¬ 
chloric  acid,  and  0.5  g  of  zinc  chloride,  for  3.5  hrs  more.  The  mixture  was  diluted  to  200  ml  and  treated  with 
activated  carbon.  When  the  filtrate  cooled,  flakes  of  the  difficultly  soluble  hydrochloride  of  5,6-benzoquinaldine 
precipitated.  Yield  of  the  salt  10.3  g  (45%);  5,6-benzoquinaldine  was  isolated  from  it  by  alkalizing.  M.  p. 
79-80*.  Picrate  ,  m.  p.  228*  [19]. 

Found  %:  Cl  15.28.  C14H12NCI.  Calculated  %:  Cl  15.43. 

8.  3-Ethyl-6-methylquinaldine.  3  g  of  sodium,  100  ml  of  isobutyl  alcohol,  13.5  g  of  formo-p-toluidide, 
and  24  ml  of  propionaldehyde  were  used.  The  experiment  was  similar  to  Expt.  5.  Yield  1.8  g  (10%).  B.  p.  284- 
293",  m.  p.  51*.  Picrate,  m.  p.  178*. 

Found  %:  N  7.40.  CjsHjsN.  Calculated  %:  N  7.53. 

9.  N-Fhenylquinaldlne  perchlorate.  16.9  g  of  diphenylamine  was  added  to  a  solution  of  3  g  of  sodium  in 
100  ml  of  isobutyl  alcohol,  15  ml  of  paraldehyde  was  added,  and  the  mixture  was  boiled  for  5  hrs.  After  acidifi¬ 
cation  with  25  ml  of  concentrated  hydrochloric  acid,  addition  of  12  g  of  o-nitrophenol,  and  boiling  for  another 

3  hrs,  N-phenylquinaldine  perchlorate  was  isolated  as  in  Expt.  10.  Yield  3.5  g  (11%).  B.  p.  155-158*. 

II.  Synthesis  of  N-Arylqu i naldinium  Sal t s 

10.  N-fhenylquinaldine  perchlorate.  16.9  g  of  diphenylamine,  30  ml  of  acetal  (use  of  paraldehyde  gives 
almost  the  same  results),  and  100  ml  of  nitrobenzene  were  boiled  gently  for  5-6  hrs.  80  ml  of  concentrated  hydro¬ 
chloric  acid  was  added  and  the  nitrobenzene  was  slowly  steam-distilled  off.  The  unreacted  diphenylamine  was 
completely  resinified  by  this  treatment  and  remained  on  the  walls  of  the  flask.  The  nearly  clear  solution  was 
poured  off,  treated  with  activated  carbon,  and  evaporated  to  a  volume  of  50-75  ml,  from  which  N-[foenylquinal- 
dine  perchlorate  was  precipitated  by  the  dropwlse  addition  of  concentrated  perchloric  acid.  Yield  7  g  (22%). 

M.  p.  158-160*.  After  recrystallization  from  water  m.  p.  162-163*  (according  to  [10],  m.  p.  158-159*;  according 
to  [12],  160-162"). 

Found  %;  Cl  11.21.  Ci5H,404NC1.  Calculated  %:  Cl  11.09. 

When  the  reaction  was  carried  out  in  nitrobenzene  solution  and  diphenylamine  hydrochloride  was  used  in¬ 
stead  of  the  free  amine,  the  yield  was  lowered  to  12-14%. 

11.  N-p-Tolyl-6-methylquinaldine  perchlorate.  9.5  g  of  di-p-tolylamine,  18  ml  of  acetal,  and  50  ml 
of  nitrobenzene  were  heated  for  5  hrs.  50  ml  of  concentrated  hydrochloric  acid  was  added  and  the  nitrobenzene 
was  steam-distilled  off.  The  further  treatment  was  similar  to  Expt.  10.  Yield  6.7  g  (40%).  M.  p,  188-189*. 

After  recrystallization  from  aqueous  ethanol  m.  p.  192-193*. 
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Found  Cl  10.02.  C18H18O4NCI.  Calculated  <^o'.  Cl  9.91. 

12.  N-Phenylmethylquinaldlne  perchlorate.  6.9  g  of  phenyl-p-tolylamine,  15  ml  of  acetal,  and  45  ml  of 
nitrobenzene  were  used.  3.5  g  (28‘7o)  of  N-phenyl-6-methylquinaldine  perchlorate  was  obtained.  M.  p.  154-155’. 

Found  <7o:  Cl  10.77.  C17H16O4NCI.  Calculated  Cl  10.63. 

13.  N- Phenyl-5, 6-benzoquinaldine  perchlorate.  9  g  of  {rfienyl-0  -naphthylamine,  13  ml  of  acetal,  and 

45  ml  of  nitrobenzene  were  used.  6.1  g  (40%)  of  N-phenyl-5,6-benzoquinaldine  perchlorate  was  obtained.  M.  p. 
154-156*.  After  recrystallization  from  water,  m.  p.  160*. 

Found  %:  Cl  9.71.  C20H16O4NCI.  Calculated  %:  Cl  9.60. 

SUMMARY 

1.  A  new  method  has  been  developed  for  the  preparation  of  quinaldine  bases  and  N-arylquinaldinium  salts 
by  the  condensation  of  acylated  arylamines  and  dlarylamines  with  aldehydes. 

2.  A  mechanism  has  been  proposed  for  these  syntheses. 
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REACTION  OF  DIAZO  COMPOUNDS  WITH  SULFAMIC  ACID  AND  ITS  DERIVATIVES 


XI.  CAUSES  OF  THE  COLORATION  OF  SOME  DIAZONIUM  AND  HETEROCYCLIC 

AMMONIUM  SALTS 


D.  Z.  Zavel’skli  and  L.  A.  Llshnevskaia 


In  previous  articles  [1-3]  we  have  described  the  synthesis  and  properties  of  diazonium  arylsulfamates  and 
acylamidoarylsulfonates  and  have  made  some  suggestions  concerning  the  causes  of  die  coloration  of  these  salts. 

The  problem  in  the  present  paper  Is  the  examination  of  the  colored  diazonium  salts  known  in  the  literature 
and  of  compounds  related  to  them  and  comparison  of  them  with  salts  synthesized  by  us  for  the  purpose  of  ascer¬ 
taining  the  reasons  for  the  appearance  of  color  in  organic  salts  of  which  the  cations  and  anions  are  colorless. 

It  is  known  that  diazonium  sulfates,  nitrates,  chlorides,  and  other  diazonium  salts  in  which  the  anions  are 
colorless  are  themselves  also  colorless.  However,  Hantzsch  [4]  noted  that  the  bromides,  thiocyanates,  and  iodides 
of  diazo  compounds  are  colored.  For  example,  phenyl-,  anisyl-,  and  pseudocumyldiazonium  bromides  were  almost 
colorless  or  light  yellow,  but  mono-  and  polyhalo genated  phenyldlazonium  compounds  were  colored  from  yellow 
to  red.  In  this  instance,  the  greater  the  number  of  halogen  substituents,  die  deeper  was  the  color  and  the  more 
explosive  the  diazo  salt.  Somewhat  more  intensely  colored  and  explosive  diazo  thiocyanates  were  synthesized 
by  Hirsch  [5].  The  diazo  iodides  were  especially  deeply  colored  and  explosive.  Hie  iodides  of  the  strong  2,4,5- 
and  2,4,6-trimethyl-  and  4-methoxyphenyldiazonium  bases  were  colored  golden  yellow  and  were  so  unstable  that 
it  was  difficult  to  isolate  them  in  pure  form.  2,4-Dibromo-,  2,6-dibromo-,  and  2,6-dilodophenyldiazonium  io¬ 
dides  were  colorec^  respectively,  dark  orange,  intense  red,  and  blood  red  and  decomposed  even  in  the  isolated  pro¬ 
cess. 


Thus,  in  diazonium  bromides,  thiocyanates,  and  iodides  the  depth  of  color  grows  with  an  Increase  in  die 
electrophilic  nature  of  the  substituents  in  the  aryl  ring  of  the  diazonium  component.  A  perfectly  similar  rule  is 
observed  for  the  diazonium  acylamidoarylsulfo nates  and  arylsulfamates  studied  by  us,  although  the  extent  of 
deepening  of  the  color  in  the  latter  is  much  greater.  The  series  of  salts  enumerated  have  the  general  property 
of  being  colored  only  in  the  solid  state  and  yielding  colorless  or  light  yellow  solutions. 

The  diazo  thiocyanates  and  iodides  are  less  soluble  than  the  corresponding  chlorides.  In  exactly  the  same 
way,  the  diazonium  arylsulfamates  and  acylamidoarylsulfonates  are  much  less  soluble  than  the  corresponding 
chlorides.  It  may  also  be  noted  diat  the  solubility  of  the  arylsulfamates,  as  a  rule,  decreases  with  an  increase  in 
the  electrof^ilic  nature  of  the  substituents  in  the  benzene  ring  of  the  diazonium  component.  For  example,  the 
4-chlorophenyldiazonium  salt  of  phenylsulfamic  acid  dissolves  in  water  to  the  extent  of  7.5<7o,  and  die  4-nltro- 
phenyldiazonium  salt  to  the  extent  of  only  3.5*70. 

To  explain  the  reasons  for  the  coloration  and  the  explosiveness  of  the  diazo  bromides,  thiocyanates,  and 
iodides  in  the  solid  state  and  their  colorlessness  in  aqueous  solution,  Hantzsch  advanced  the  suggestion  that  for 
these  salts  as  for  the  diazo  cyanides  [6]  an  equilibrium  exists  between  the  syn-diazo  halide,  the  diazonium  halide, 
and  its  ions 


+  — 

Ar — N  (1;  Ar — N — X  (2)  Ar — N  +  X 


X— N  N  N 


Syn-diazo  halide 


X^Hr,  CNS,  I 
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Diazonium  salt 


In  Hantzsch’s  opinion,  the  diazonium  salts  should  be  colorless  and  stable,  like  ammonium  salts  with  "penta- 
valent"  nitrogen,  and  the  syn-diazo  halides  should  be  colored  like  azo  compounds  and  unstable,  even  explosive, 
like  the  halogen  compounds  of  nitrogen  (NCI3,  NBrs,  NI3).  The  author  tliought  that  tiie  equilibrium  (1)  between 
the  syn-diazo  and  the  diazonium  forms  exists  in  the  solid  salts,  which  are  solid  solutions  of  the  one  form  in  the 
other,  and  equilibrium  (2)  exists  in  aqueous  solutions.  In  case  the  diazo  group  is  linked  with  chlorine,  botli  equi¬ 
libria  are  moved  to  the  right  (the  diazo  chlorides  are  colorless).  When  chlorine  is  replaced  by  bromine,  iodine, 
or  a  tliiocyanate  group,  the  equilibria  shift  to  the  left,  in  the  direction  of  die  azo  form. 

Euler  and  Hantzsch  [7]  have  shown  that  movement  of  the  equilibrium  to  the  left  is  favored  not  only  by  the 
negativity  of  the  substituents  and  increase  in  the  atomic  weight  of  die  halogen,  but  also  by  replacement  of  the 
water  by  alcohol  (a  less  dissociated  solvent),  elevation  of  the  temperature,  and  decrease  in  the  acidity  of  the  me¬ 
dium.  However,  Hantzsch  did  not  explain  why  the  presence  on  the  ring  in  the  diazo  halides  of  electronegative 
substituents  (and  heavy  halogens  or  thiocyanate  as  anions)  results  in  a  deepening  of  their  color. 

Saunders  [8],  considering  the  work  of  Hantzsch,  came  to  the  conclusion  that  "...  as  the  basicity  of  the 
diazonium  diminishes  and  the  acidity  of  the  acid  ion  decreases,  the  color  of  the  salts  deepens."  However,  this 
generalization  is  in  error,  since  of  the  three  acids  whose  diazonium  salts  are  colored  only  thiocyanic  acid  is  com¬ 
paratively  weak  (K  =  0.14).  With  regard  to  hydrobromic  and  hydriodic  acids,  they  are  stronger,  not  weaker,  than 
hydrochloric  acid  (0.1  N  HCl  solution  is  92.6%  dissociated,  HBr  93.5%,  and  HI  9.50%).  However,  the  depth  of 
coloration  of  the  diazo  thiocyanates  is  between  that  of  the  bromides  and  the  iodides.  From  this  it  follows  that, 
first,  the  decrease  in  the  acidity  of  the  anion  is  not  the  cause  of  the  coloration  of  the  diazo  halides  of  Hantzsch, 
and,  second,  if  the  diazonium  structure  is  generally  admitted  for  the  diazo  chlorides,  then  the  diazo  bromides 
and  diazo  iodides  as  salts  of  still  stronger  acids  must  be  considered  diazonium  salts  also,  and  not  syn-diazo  halides. 

Hantzsch 's  views  on  the  causes  for  the  coloration  of  the  diazo  halides  are  an  essential  part  of  his  dieory  of 
the  structure  of  the  diazo  compounds  and  are  usually  cited  in  monographs  on  the  diazo  compounds  [8,  9].  However, 
it  will  be  further  shown  that  the  coloration  of  the  diazo  halides  is  not  caused  by  a  transition  to  the  azo  form,  but 
by  other  factors. 

A  detailed  examination  of  the  literature  on  the  question  under  consideration  has  confirmed  that  all  the 
halides  of  ammonia  and  of  its  alkyl-  and  simple  aryl-substituted  derivatives  are  colorless.  An  interesting  excep¬ 
tion  is  die  salts  of  the  nitrogen-containing  heterocycles  with  positively  charged  tetravalent  nitrogen. 

In  Meyer- Jacobson 's  handbook  [10]  it  is  pointed  out  that  methylquinolinium  and  methylisoquinolinium  io¬ 
dides  are  colored  bright  yellow,  while  the  corresponding  cations  and  anions  are  colorless.  Decker  [11]  found  that 
methylacridinium  chloride  is  colored  yellow,  like  the  cation  of  this  salt,  and  the  iodide  is  orange-red.  Claus  [12], 
Decker  [13],  and  Kaufmann  [14],  who  introduced  halogens  and  nitro  groups  into  the  quinolinium  nucleus,  synthe¬ 
sized  the  corresponding  iodides,  which  were  colored  from  red  to  almost  black.  Krohnke  [15]  synthesized  a  num¬ 
ber  of  iodides,  bromides,  tliiocyanates,  and  odier  salts  of  different  pyridinium,  quinolinium,  and  iso  quinolinium 
derivatives,  in  which  the  key  nitrogen  atom  was  substituted  not  with  medryl,  but  widr  a  benzyl,  fhenacyl,  or  aryl 
group,  whereupon  he  introduced  electrophilic  and  electron-donor  substituents  into  the  ring  of  the  heterocycle,  or 
of  die  benzyl,  phenacyl,  or  aryl  group. 

Krohnke  studied  in  detail  the  effect  of  die  different  substituents  and  their  position  on  the  depth  of  color  of 
die  salts,  which  he  called  cycloammonium  salts,  since  tiiey  contain  an  onium  nitrogen  in  the  aromatic  ring.  The 
author  came  to  the  conclusion  diat  the  more  electrophilic  die  substituted  cycloammonium  cation  and  the  more 
complex  die  aromatic  ting  containing  die  salt-fomiing  nitrogen,  the  deeper  was  die  color  of  the  salts  formed  by 
diem.  The  color  of  the  salts  deepened  on  passing  from  the  bromides  to  the  diiocyanates  and  from  the  thiocya¬ 
nates  to  die  iodides.  Upon  die  solution  in  water,  colored  cycloammoniuiii  salts  were  decolorized  as  a  result  of 
dissociation  into  colorless  ions.  In  solvents  with  a  lower  dielectric  constant  than  water  the  cycloammonium  salts 
decolorized  less,  or  iwt  at  all.  Heating  of  die  solutions  of  die  colored  salts  in  solvents  with  a  small  dielectric 
constant  led  to  a  deepening  of  the  color,  and  cooling  to  a  weakening  of  it.  Fusion  or  even  simple  heating  of  the 
solid  cycloammonium  salts  also  deepened  their  color. 

Consequently,  all  the  properties  of  the  colored  cycloammonium  salts  are  highly  similar  to  the  properties 
of  the  diazo  halides  studied  by  Hantzsch  and  to  those  of  die  arylsulfamates  and  acylamidoarylsulfonates  described 
by  us.  At  the  same  time,  from  an  examination  of  the  formula  for  the  diazonium  cation  and  die  cydoammonium 
cation  it  is  apparent  that  if  the  former  is  capable  of  transition  to  a  diazo  cation  with  trivalent  nitrogen  (for  example. 
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in  the  formation  of  azo  dyes),  then  a  similar  transition  for  the  latter  with  the  formation  of  a  carbonium  cation  is 
only  slightly  probable. 


<Q^-n=n  v^n-R  —  <Dn-R 

Hence,  contrary  to  Hantzsch's  opinion,  the  color  of  the  diazonium  halides  and  salts  of  the  arylsulfamic  and 
acylamidoarylsulfonic  acids  must  not  be  related  at  all  to  the  transition  of  the  diazonium  cation  to  the  diazo  cat¬ 
ion,  since  in  die  cycloammonium  salts  the  deepening  of  color  with  an  increase  in  the  electrophilic  nature  of  the 
cycloammonium  cation  and  with  a  rise  in  the  atomic  weight  of  the  halide  anion  occurs  in  the  presence  of  an  in¬ 
disputable  tetravalent  salt- forming  nitrogen. 

Iherefore,  the  cause  of  the  coloration  in  the  compounds  examined  must  be  sougjrt  in  the  special  nature  of 
the  salt  bond  between  the  onium  nitrogen  and  the  anions  of  the  heavy  halides  or  of  some  odier  compounds.  For 
dtis  purpose,  it  is  useful  to  examine  first  the  behavior  of  the  halide  anions  in  inorganic  salts. 

As  is  well  known,  under  the  influence  of  an  electric  field  the  electron  shell  of  an  ion,  especially  the  outer 
shell,  is  deformed  more  the  farther  it  is  from  the  attracting  nucleus.  Consequently,  the  deformation  of  the  iodide 
or  bromide  anion  under  the  influence  of  one  and  the  same  cation  is  considerably  greater  than  that  of  the  chloride 
or  fluoride  anion.  However,  Fajans  [16]  has  already  shown  that  the  greater  the  deformation  of  the  electron  shells 
of  the  anion  and  cation,  the  more  dre  character  of  the  bond  between  these  ions  diverges  from  heteropolar  toward 
horn  eo  polar. 

The  mutual  intrusion  of  the  electron  shells  of  the  cation  and  anion  in  some  salts  causes  the  appearance  of 
color  in  them.  In  the  table  presented  below  we  have  collected  some  data  on  colored  inorganic  halides. 

From  this  table  it  is  apparent  that  the  iodides  are  always  more  strongly  colored  than  the  bromides.  Of  the 
ions  with  one  charge,  only  Ag"^  with  an  incomplete  N  electron  layer  is  capable  of  forming  colored  salts  with  the 
heavy  halogens.  Of  die  doubly  charged  ions,  4  are  capable  of  forming  colored  salts,  and  Cu^  with  an  incom¬ 
plete  M  layer  forms  the  darkest  and  most  unstable  salts.  Among  the  ions  with  a  triple  charge,  thallium,  which  is 
electronically  similar  to  doubly  charged  Hg^ ,  yields  halides  that  are  much  more  deeply  colored  than  the  mer¬ 
cury  salts.  Ti^'*'  and  with  4  charges,  in  spite  of  dieir  small  atomic  numbers,  yield  colored  iodides.  In  each 
of  the  latter  cations  the  outer  electron  shell  is  unfilled. 


Summary  of  Some  Data  on  the  Colored  Inorganic  Halides 


Element 

Atomic 

no. 

C 

0 

Completeness  of  electron  ! 

layers  1 

Ionic 

radius 

i  Formulas  and  colors  of  salts* 

! 

K 

I.  1 

M 

N 

<  k 

P 

iodides 

bromides 

•Vg 

i7 

Ali ' 

2 

8 

18 

18 

1.1;$ 

Agl  yellow 

AgBr  light  yellow 

Cu 

20 

Cu^*^ 

8 

17 

0.S2 

Culj  does  not 

CuBr2  brown-blacl 

exist 

(jO 

Cc--’* 

2 

S 

18 

U 

1  ^ 

0.9S 

Gelj  orange 

GeBrs  yellow 

Sti 

50 

Sn‘-J' 

2 

S 

!  18 

IS 

IS 

1.02 

SnIj  red 

SnBrs  yellow 

un 

M) 

llg2^ 

2 

8 

IS 

:;2 

IS 

1.12 

Hgl2  red 

HgBts  colorless 

I'b 

S2 

2 

8 

18 

:;2 

2  1 

1.82 

Pbl2  yellow 

PbBr2  colorless 

In 

'.9 

1  n:> 

2 

8 

IS 

18 

Inis  yellow 

InBrj  colorless 

Tl 

81 

I'jat- 

8 

18 

;i2 

18 

1  .Oi, 

TII3  black 

TIB13  yellow 

Ti 

22 

Tin- 

2 

8 

8 

[o.GV 

Til4  dark  red 

TiBr^  yellow 

/.I 

'.() 

2 

H 

18 

8 

1  0.S7 

Zrl^  brown 

ZrBr^  colorless 

•  Color  of  chlorides  not  given  since  they  all,  except  cupric  chloride,  are  colorless. 

•*  The  Cu^  ion  is  colored  blue  only  as  the  hydrate.  In  the  anhydrous  state  CuFj  and  CUSO4 
are  colorless  and  Cu(n2  is  dark  brown. 
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Thus,  coloration  of  the  inorganic  halides  is  observed  in  diose  instances  where  the  electron  cloud  of  a  heavy 
halide  ion  Is  greatly  deformed  by  a  cation  that  Is  capable  of  creating  a  powerful  electric  field,  as  a  result  of  the 
fact  that  It  has  a  small  ion  radius  or  several  charges.  Such  salts  are  much  less  dissociated  in  aqueous  solutions 
than  the  corresponding  chlorates  and  nitrates.  If  dissociation  takes  place  at  all,  as  in  the  case  of  lead  iodide,  for 
example,  then  it  is  accompanied  by  decoloration.  Additional  evidence  of  the  decrease  in  heteropolarity  in  die 
colored  halide  salts  is  found  in  their  lower  melting  and  boiling  points  in  comparison  with  the  other  corresponding 
salts. 

Decker  [11]  was  the  first  to  point  out  the  similarity  of  the  colored  inorganic  iodides  to  the  colored  ammon¬ 
ium  iodides.  Meisenhelmer  [17]  explained  the  coloration  of  many  organic  and  inorganic  iodides  by  the  deforma¬ 
tion  of  the  iodide  ion  by  polarizing  cations.  Krohnke  in  his  articles  [15]  analyzed  in  detail  the  investigations  car¬ 
ried  out  previously  and  those  that  he  himself  made  in  the  field  of  the  colored  cycloammonium  salts  and  expressed 
the  opinion  that  the  phenomenon  of  bathochromlsm  in  salt  formation  dependsnot  only  on  the  deformation  of  the 
anion  by  the  cation,  as  in  the  case  of  Agl,  but  also  on  their  redox  opposition.  The  author  pointed  out  that  Ag4Fe(CN)6, 
AgjSOs,  and  AgSjOs,  for  example,  are  colorless,  because  their  anions  have  a  low  deform  ability.  However,  the  salts 
of  these  same  anions  with  the  cycloammonium  cations  are  deeply  colored,  since  a  considerable  difference  in  oxi¬ 
dation-reduction  potential  exists  between  such  ions. 

Krohnke  first  suggested  that  when  a  colored  salt  is  formed  from  a  cycloammonium  cation  and  an  appropriate 
anion  one  of  the  electrons  of  the  anion  goes  over  into  the  cation,  which  is  thus  converted  into  a  radical  depicted 
by  structures  (A)  and  (B). 
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/\ 
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HI  II 
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R 

1 

^  (A) 

1 

R 
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However,  the  author  later  was  convinced  that  the  pyridinlum  and  quinolinium  iodides  and  ferrocyanides 
are  not  paramagnetic  and  therefore  do  not  contain  an  unpaired  electron.  Consequently,  he  arrived  at  the  con¬ 
clusion  that  the  electron  does  not  go  over  completely  from  the  anion  to  the  cation,  but  "breaks  loose"  and 
"hovers"  (ist  in  der  Schwebe)  in  the  vicinity  of  the  cation. 

Starting  with  the  fact  that  the  diazonium  halides  contain  an  onlum  nitrogen  and  behave  quite  like  the  cyclo¬ 
ammonium  salts,  it  is  logical  to  conclude  that  their  color  also  depends  on  a  special  kind  of  salt  bond  between  the 
diazonium  cation  and  an  easily  deformed  anion.  The  dia2X)nium  cation  actually  has  strong  electron-accepting 
properties,  which  can  be  considerably  strengthened  by  the  introduction  into  the  ring  of  appropriate  substituents. 

In  connection  with  the  views  of  Krohnke  [15]  on  the  oxidizing  character  of  the  cycloammonium  cations  it  should 
be  noted  that  the  diazonium  cations  also  have  an  appreciable  oxidizing  potential.  According  to  the  data  of  Gra¬ 
chev  [18]  the  oxidizing  potential  of  4-chlorophenyldiazonium  in  aqueous  solution  at  pH  2  is  +0.86,  and  that  of 
4-nitrophenyldiazonium  is  +0.97  v.  Therefore,  chlorophenyldiazonium  is  a  stronger  oxidizing  agent  tiian,  for 
example,  Fe^,  the  oxidizing  potential  of  which  is  0.75  v.  Well-known  examples  of  the  oxidizing  properties  of 
diazonium  compounds  also  are  their  reactions  with  alcohol,  p-phenylenediamine,  arsenous  acid,  and  the  like. 

In  the  colored  diazonium  arylsulfamates  of  interest  to  us,  which  we  have  shown  to  have  properties  similar 
to  those  of  the  diazo  iodides  and  bromides  of  Hantsch,  the  arylsulfamate  anions  occupy  the  place  of  the  halogens. 

It  must  be  supposed  that  these  anions  apparently  also  are  greatly  deformed  by  the  diazonium  cations.  To  explain 
the  reasons  for  such  behavior  on  the  part  of  the  arylsulfamate  anions  it  is  of  interest  to  examine  the  data  found  in 
the  literature  on  the  diazonium  salts  of  sulfuric  acid  and  some  of  its  derivatives. 

As  is  well  known,  the  sulfates  of  the  diazo  compounds  are  colorless  and  extremely  easily  soluble  in  water, 
in  which  they  apparently  are  completely  dissociated.  The  benzene-  and  toluenemonosulfonates  differ  little  in 
color  and  solubility  from  the  diazonium  sulfates.  However,  the  chloro-  and  nltro-substituted  benzene-  and  toluene- 
sulfonic  acids  precipitate  the  less  soluble  arylsulfonates  from  solutions  of  diazonium  salts  of  mineral  acids  [19]: 
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Ar— N-hInIX  +  A.'— SOgll  Ar— N^NJOgS— Ar'  4  IIX 

Chloro-  and  nitro- substituted  benzene-  and  toluenesulfonic  acids  form  colorless  salts  with  diazonlum  com¬ 
pounds  of  the  benzene  series,  even  those  containing  chloro  or  nitro  groups.  However,  with  tetraazobenzidlne 
these  acids  yield  salts  of  a  light-yellow  or  yellow  color.  In  exactly  the  sam.e  way,  the  diazonlum  salts  of  the 
benzene  series  form  salts  with  the  naphthalenemono-  and  disulfonic  acids  that  are  light-yellow  to  brownish-yellow 
in  color. 

The  diazo  arylsulfbnates,  which  are  characterized  by  considerably  less  explosiveness  and  much  greater  sta¬ 
bility  than  the  chlorides,  nitrates,  and  sulfates,  find  wide  application  in  dye  technology  and  printing  as  permanent 
diazo  salts.  Apropos  of  them  Saunders  [20]  writes  in  his  monograph  on  the  diazo  compounds  that  ".  .  .  their  sta¬ 
bility  in’the  solid  state  is  related,  no  doubt,  to  the  fact  fiiat  they  are  not  ionized  in  this  form  and  is  also  a  result 
of  their  high  molecular  weight." 

Still  greater  stability  and  depth  of  color  characterize  the  products  of  the  reaction  of  diazonlum  salts  with 
acylamidoarylsulfonic  acids  that  were  prepared  by  Schroeter  [21]  and  further  investigated  by  us  [3].  Finally,  the 
diazonlum  arylsulfamates  are  quite  deeply  colored  p.,  2].  The  reason  for  the  increase  in  the  depth  of  color  of 
the  diazonium  salts  in  passing  from  the  sulfates,  throu^  the  arylsulfonates  and  acylamidoarylsulfonates,  to  the 
arylsulfamates  becomes  understandable  upton  examining  the  structure  of  the  following  anions: 


In  the  bisulfate  (or  sulfate)  anion  the  electron  cloud  of  the  salt- forming  oxygen  is  more  stably  associated 
with  the  central  sulfur  atom  than  in  the  arylsulfbnate  anion.  This  comes  about  because  the  second  salt-form¬ 
ing  oxygen  in  the  sulfate  ion,  which  has  a  higher  affinity  for  electrons  than  the  sulfur  (the  electronegativity  of 
oxygen  is  3.5  ev  and  that  of  sulfur  is  2.5  ev  [22]),  draws  the  electrons  away  from  the  latter  and  makes  it  more 
positive  and,  consequently,  more  firmly  bound  with  the  electrons  of  the  first  salt-forming  oxygen. 

In  the  arylsulfonate  anion  the  sulfur  is  linked  with  a  carbon  of  the  phenyl  ring,  which  has  the  same  affinity 
as  the  sulfur  for  electrons;  therefiDre  die  sulfur  becomes  less  positive  and  less  firmly  associated  with  the  electrons 
of  the  salt-forming  oxygen.  Moreover,  the  phenyl  ring  promotes,  with  its  sextet  of  ir-electrons,  a  shift  in  electron 
density  in  a  direction  dependent  on  the  nature  of  the  substituent  [23],  in  this  case  the  sulfo  group.  Therefore,  when 
the  salt- forming  oxygen  of  the  arylsulfonate  anion  falls  under  the  prolarizing  influence  of  a  diazonium  cation,  it  is 
able  to  give,  in  addition  to  an  ionic  charge,  a  small  part  of  its  electron  cloud  for  greater  or  less  intrusion  into  the 
electron  gap  of  the  cation.  In  the  final  analysis,  the  heteropolarity  of  the  bond  between  the  cation  and  the  anion 
decreases,  which  leads  to  a  decrease  in  solubility  and  dissociation  of  the  diazonium  arylsulfonate  formed  in  com¬ 
parison  with  the  corresponding  sulfate  and  in  certain  cases  even  results  in  a  slight  deepening  of  the  color. 

In  the  acylamidoarylsulfonate  anion  tire  nitrogen  of  the  amido  group  has  a  pair  of  solitary  electrons,  there¬ 
fore  the  drift  in  electron  density  toward  the  salt- forming  oxygen  is  naturally  more  considerable  dran  in  the  aryl¬ 
sulfonate  anion  and  the  intrusion  of  the  electron  cloud  of  fire  anion  into  the  electron  gap  of  the  diazonium  cation 
becomes  greater.  As  a  result,  the  coloration  of  the  diazonium  acylamidoacylsulfonates  is  deeper  than  that  of  the 
arylsulfonates.  At  the  same  time  it  should  be  noted  that  the  shift  of  the  free  electron  pair  of  the  amido  group  in 
the  direction  of  the  sulfo  group  is  partially  hindered  by  the  electron-accepting  acyl  group  that  is  bound  with  the 
amido  group.  The  more  "acid"  the  acyl  radical,  the  stronger  is  the  shift  in  the  opposite  direction.  A  hypsochromic 
effect  of  corresponding  intensity  is  the  result  of  this.  On  the  other  hand,  replacement  of  the  phenyl  ring  by  a  naph¬ 
thyl  group  in  the  acylamidoarylsulfonate  anion  leads  to  a  bathochromic  effect  for  the  same  reasons  diat  this  occurs 
in  ordinary  dyes. 

It  can  be  easily  understood  that  in  the  arylsulfamate  anion  the  shift  of  the  free  pair  of  electrons  of  the  amido 
group  toward  the  salt-forming  oxygen  is  considerably  greater  than  in  the  acylamidoarylsulfonate  anion.  In  this 
case  the  mechanism  for  "pulling"  die  electron  cloud  of  this  oxygen  into  the  electron  gap  of  the  diazonium  cat¬ 
ion  is  more  completely  exhibited,  as  a  result  of  which  the  diazonium  arylsulfamates  are  more  deeply  colored  than 
the  corresponding  acylamidoarylsulfonates. 
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In  complete  agreement  with  the  above  discussion  is  the  fact  that  the  more  electron- accepting  substituents 
there  are  in  the  phenyl  ring,  the  more  considerable  is  die  electron  deficiency  on  the  onium  nitrogen  and,  conse¬ 
quently,  the  deeper  is  the  color  of  such  a  diazonium  arylsulfamate  or  acyl amido ary Isulfonate. 

We  think  tiiat  the  phenomenon  of  bathochromism  as  a  result  of  salt  formation  of  a  special  type  is  rather 
similar  to  the  phenomena  of  bathochromism  as  a  result  of  intermolecular  electron  interaction  of  the  donor-accep¬ 
tor  type,  to  which  numerous  investigators  are  devoting  more  and  more  attention  [24,  25],  Of  these  investigations, 
the  closest  to  the  problem  studied  by  us  are  the  ones  concerned  with  the  study  of  the  reaction  of  dipyridylium  and 
quinolinium  salts  with  amines. 

Emmert  [26]  showed  that  N,N*-dimethyl-'y  ,y  '-dipyridylium  chloride  forms  colored  molecular  compounds 
with  aromatic  diamines.  Mikhailenko  and  Minof’ev  [27]  observed  the  appearance  of  color  when  benzylquinolin- 
ium  chloride  was  reacted  with  monoamines  (aniline,  p-toluidine,  and  diphenylannine),  but  attiibuted  it  to  the 
cleavage  of  the  heterocycle  with  the  formation  of  polymethine  dyes.  However,  Vompe  [28  ]  and  Izmail 'skii  [29] 
showed  that  in  this  instance  molecular  complexes  are  formed. 

In  all  these  cases  the  quaternary  cycloammonium  group  is  considered,  like  the  nitro  group,  as  an  acceptor 
and  the  arylamine  as  a  donor  of  electrons  [29].  However,  in  contrast  to  ihe  nitro  group,  the  quaternary  cycloam¬ 
monium  group  is  a  cation.  Therefore  it  is  more  proper  to  suggest  that  in  this  instance  the  cation  is  attracted  not 
to  the  whole  arylamine  molecule,  as  is  observed  in  complex  formation  between  nitro  compounds  and  aromatic 
hydrocarbons  or  amines,  but  particularly  to  the  nitrogen  of  the  amino  group,  which  lias  an  unshared  electron  pair. 
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Still  more  localized  is  ihe  interaction  of  a  cycloammonium  or  diazonium  cation  with  an  arylsulfamate  or 
acylamidoarylsulfonate  anion  or  with  a  heavy  halide  anion.  In  the  crystal  lattice  of  the  solid  salt  formed  in  this 
instance  the  two  ions  are  drawn  together,  naturally,  to  a  distance  usual  for  an  ionic  bond.  Such  a  close  approach 
is  intensified  by  the  process  of  partial  "pulling  in"  of  the  electron  cloud  from  the  salt- forming  oxygen  of  the  sulfo 
group  by  the  onium  nitrogen,  which  has  an  additional  electron  deficiency  because  of  the  electrophilic  substituents 
in  the  benzene  ring.  If  in  this  process  the  density  of  such  an  electron  cloud  is  significantly  increased  because  of 
the  electron-donor  properties  of  the  amino  group,  the  aryl  group,  and  the  substituents  on  the  aryl  group,  then  the 
salt  acquires  color.  Upon  solution  of  such  a  colored  salt  in  water  it  dissociates  into  ions,  which  in  this  case  are 
hydrated.  Under  these  conditions,  the  more  dilute  the  aqueous  solution  the  more  the  donor-acceptor  mechanism 
between  the  cation  and  anion  is  disturbed,  and  the  color  of  the  salt  is  weakened  or  entirely  disappears. 

SUMMARY 

1.  Evidence  has  been  brought  forward  that  the  diazo  bromides,  thiocyanates,  and  iodides  whose  color 
Hantzsch  explained  on  the  basis  of  their  syn-diazo  structure  are  actually  diazonium  salts. 

2.  The  similarity  in  properties  of  the  diazonium  bromides,  thiocyanates,  and  Iodides  with  the  diazonium 
arylsulfamates  and  acylamidoarylsulfonates  has  been  established. 

3.  It  has  been  suggested  that  the  arylsulfamate  and  acylamidoarylsulfonate  anions  have  electron- donor 
properties  that  are  characteristic  also  of  the  bromide,  thiocyanate,  and  iodide  anions,  and  that  this  general  pro¬ 
perty  is  the  cause  of  the  coloration  of  the  corresponding  series  of  diazonium  salts. 

4.  The  similarity  of  a  number  of  properties  of  the  colored  diazonium  arylsulfamates,  acylamidoarylsulfo¬ 
nates,  bromides,  thiocyanates,  and  iodides  to  the  colored  bromides,  thiocyanates,  and  iodides  of  quaternary  ammon¬ 
ium  bases  containing  nitrogen  in  the  heterocycle  (pyridinium,  quinolinium,  etc.)  has  been  demonstrated.  The 
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opinion  has  been  expressed  that  the  cause  of  the  color  of  the  series  of  salts  enumerated  is  the  presence  in  them 
of  an  onium  nitrogen  that  has  an  increased  electron  deficiency  as  a  result  of  electron-acceptor  substituents  in  the 
aryl  rings  linked  with  this  nitrogen. 

5.  An  explanation  has  been  suggested  of  the  reason  for  the  formation  of  colored  salts  from  colorless  diazcn- 
ium  cations  or  ammonium  cations  of  nitrogen-containing  heterocycles  on  the  one  hand,  and  anions  of  heavy 
halides,  arylsulfamic  and  acylamidoarylsulfonic  acids  on  the  other  hand,  as  a  result  of  a  special  donor -acceptor 
electron  Interaction  between  the  ions,  which  supplements  the  usual  salt  bond. 

6.  The  similarity  and  the  difference  between  the  donor-acceptor  electron  interaction  of  the  ions  in  the 
colored  salts  enumerated  above  and  the  donor-acceptor  interaction  of  the  intermolecular  type  has  been  discussed. 
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REACTION  OF  DIAZO  COMPOUNDS  WITH  SULFAMIC  ACID  AND  ITS  DERIVATIVES 


XII.  DIARYLTRIAZENE-N-SULFONIC  ACIDS  AND  THEIR  DIAZONIUM  SALTS 
D.  Z.  Zavel’skii  and  L.  A.  Lishnevskala 

In  one  of  our  communications  [1]  it  has  been  shown  that  diazo  compounds  are  capable  of  entering  into  a 
dIazoamino  condensation  with  phenylsulfamic  acid.  When  this  occurred,  however,  it  appeared  that  the  diaryl- 
triazene-N-sulfonates  that  apparently  were  formed  in  the  initial  phase  were  capable  under  the  conditions  of  tfie 
diazoamlno  condensation  reaction,  i.  e.,  at  pH  ~  6  and  room  temperature,  of  splitting  out  their  sulfo  group  and 
being  converted  to  mixed  diaryltrlazenes 

Ar-NaOH  +  CellsNll-SOgNa  rAr-N=N-NGBHs1 

L  SOgNa 

Ar— N=N— NHCeHs  +  NallSO* 


In  the  experiments  on  diazoamino  condensation  carried  out  at  that  time  we  aimed  for  disappearance  of  the 
reaction  for  the  active  diazo  compxjund,  which  lasted  for  a  rather  long  time. 

Furtfier  investigations  have  shown  that  the  diazoamlno  condensation  (1)  proceeds  for  not  more  than  20-30 
min,  but  the  reaction  of  splitting  out  the  sulfo  group  (2)  proceeds  considerably  more  slowly.  We  were  able  to 
utilize  this  circumstance  for  the  synthesis  of  the  diaryltriazene-N-sulfo nates  sought  and  for  a  study  of  their  inter¬ 
esting  properties. 

It  was  established  that  when  a  solution  of  a  diazo  compound  with  a  pH  value  of  3  is  mixed  with  a  solution 
ofa  phenyl-  or  4-tolylsul famate  in  a  buffer  of  pH  6,  during  the  first  moments  the  brightly  colored  and  rather  pxjorly 
soluble  diazonium  salt  of  the  arylsulfamic  acid  is  formed  [2]. 

Ar— N  -N  -f  Ar'NH— SO^Na  -♦  (Ai— N—N)*^ O3S— NHAr’  -f  NaCl  ^3^ 

Cl 

Then  in  the  course  of  15-30  min  a  sliarp  weakening  of  tlic  color  of  the  reaction  suspension  takes  place  as 
a  result  of  the  conversion  of  this  salt  to  a  new,  considerably  more  highly  colored  compound,  poorly  soluble  in 
water  and  extremely  unstable,  which  proved  to  be  the  diaryltriazene-N-sulfonate.  When  suchelectrophilically  sub¬ 
stituted  diazo  compounds  as  2,5-dichloro-  or  4-nitrodiazobenzene  are  used,  isolation  of  the  diaryltriazene-N- 
sulfonates  obtained  from  them  requires  special  precautions  to  avoid  decomposition  of  the  latter.  The  whole  reac¬ 
tion  suspension  has  to  be  poured  in  a  thin  layer  onto  unfired  clay  plates.*  In  this  way  the  mother  liquor  is  quickly 
drawn  off  by  the  pores  of  the  plate  and  the  compound  is  removed  as  an  almost  dry  layer,  which  is  additionally 
dried  for  a  half-hour  in  vacuo  over  potassium  hydroxide.  The  compounds  obtained  are  so  unstable  that  the  whole 
process  of  their  synthesis  and  isolation  must  not  take  more  than  1  hr.  When  they  are  kept  even  in  dry  form,  their 
crystalline  structure  and  color  rapidly  change,  and  they  split  out  their  sulfo  group.  The  diaryltriazene-N-sulfonate 
obtained  from  4-chlorodlazobenzene  and  phenylsulfamic  acid  is  somewhat  more  stable.  It  is  possible  to  isolate 
it  by  simple  filtration  and  it  can  be  kept  for  1-2  days. 


•  Before  use  it  is  expedient  to  bake  the  plates  tiioroughly  and  to  keep  them  in  a  desiccator  over  some  dehydrating 
agent. 
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The  condensation  products  of  diazo  compounds  with  arylsulfamic  acids  when  exposed  in  the  dry  state  to  the 
incandescent  wire  of  an  electric  heater  burst  into  flames  Instantaneously,  and  their  aqueous  suspension  combines 
in  neutral  medium  with  any  azo  components.  This  forces  us  to  suggest  that  they  contain  an  active  diazo  group. 
However,  it  further  appears  that  when  the  new  compounds  are  mixed  with  an  excess  of  a  titrated  solution  of 
8-naphthol  at  pH  7  they  actually  absorb  1  equivalent  of  the  naphthol  in  10  min,  but  when  the  reaction  is  continued 
further,  an  additional,  much  slower  absorption  of  8  -naphthol  occurs  that  reaches  a  maximum  of  2  equivalents  in 
5-6  hrs.  Consequently,  the  compounds  under  investigation  contain  two  diazo  groups,  one  of  which  is  considerably 
more  active  than  the  other. 

The  new  compound  can  be  dissolved  in  concentrated  hydrochloric  acid.  If  nitrite  is  added  to  the  hydro¬ 
chloric  acid  solution,  after  a  short  delay  the  excess  nitrous  acid  is  removed  by  the  addition  of  sulfamic  acid,  and 
after  that  the  mixture  is  treated  with  excess  8-naphthol  at  an  appropriate  pH,  then  3  equivalents  of  8-naphthol 
are  used  up  in  the  combination.  From  this  it  follows  that  the  molecule  of  the  new  compound  contains  one  amino 
group  in  addition  to  the  two  diazo  groups. 

On  the  basis  of  the  properties  described  above  we  have  proposed  structure  (A)  for 
Ar — N=N— N — Ar'  the  new  compounds. 

(A)  S03N2Ar  Actually,  the  diazonium  salt  of  the  diaryl triazene-N-sulfonic  acid  has  one  active 

salt-forming  diazo  group  and  another  bound  with  the  Imido  group  of  ftie  arylsulfamic 
acid  in  a  diazoamino  compound.  Upon  coupling  with  8-naphthol  in  neutral  medium,  the  condensation  product, 
for  example,  of  2,5-dichlorodiazobenzene  with  4-tolylsulfamic  acid,  will  react  in  the  following  way: 
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Investigation  has  confirmed  that  a  product  of  both  reactions  (4)  and  (5)  is  2,5-dichlorophenylazo-8 -naphthol, 
which  was  isolated  and  identified  with  the  corresponding  specially  synthesized  azo  dye. 

It  was  shown  that  the  solution  remaining  after  coupling  of  the  compound  under  investigation  with  8-na|^thol 
in  neutral  medium  and  the  removal  of  the  azo  dye  by  filtration  contains  sodium  tolylsulfamate,  since  it  absorbs 
nitrite  in  acid  medium,  and  after  this  it  couples  with  8-naphthol  to  form  4-tolylazo-2-na[^thol.  The  latter  was 
also  demonstrated  by  identification  with  die  same  specially  synthesized  azo  dye. 


flN^  ^Clla-f- HNO2  — ^N20H  +  NaHS04 
SOgNa 


Cllg/ _ ^NaOM-f 


1  I 

\/\/ 


VJI3  +  H2O 


(6) 

(7) 


Exactly  the  same  results  were  obtained  in  the  investigation  of  the  condensation  products  of  2,5-dichlorodi¬ 
azobenzene  with  phenylsulfamic  acid  and  also  of  4-nitrodiazobenzene,3-nitrodiazobenzene,  and  4-chlorodiazo- 
benzene  with  phenyl-  and  tolylsulfamic  acids.  The  structural  formulas  of  diese  compounds,  vdiich  were  additionally 
confirmed  by  quantitative  analyses  for  diazo  nitrogen  and  sulfur,  are  given  below. 
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Thus  it  was  possible  to  show  that  the  arylsulfamic  acid  actually  condenses  with  the  diazo  compounds  to 
form  diaryltriazene-N-sulfonic  acids,  which  precipitate  out  as  diazonium  salts  as  a  result  of  the  poor  solubility 
of  the  latter.  In  this  process,  the  brightly  colored  diazonium  salts  of  the  arylsulfamic  acids  at  first  are  formed 
according  to  reaction  (3),  and  then  these  salts  enter  into  a  diazoamino  condensation  with  a  second  molecule  of 
the  diazo  compound. 

H —  H — 

Ar— N=N|  O3S— NHAr' 4  ArNjOH  — >  Ar— N=N1  O3S— N— Ar' +  1 1.,( t  (8) 

I 

N=N— Ar 

It  has  already  been  mentioned  that  in  this  new  series  of  compounds,  which  for  brevity  we  call  diazoamino- 
diazo  salts,  the  salt-forming  diazo  group  enters  into  azo-combinatlon  in  neutral  medium,  and  that  this  combina¬ 
tion  is  completed  In  10  min  (4).  It  is  a  new  and  unexpected  observation  that  the  second  diazo  group,  which  is 
bound  in  die  form  of  a  diazoamino  compound,  also  enters  into  azo-combination  in  neutral  medium,  although 
much  more  slowly  in  5-6  hrs  (5).  But  it  is  known  that  ordinary  diazoamlno  compounds,  which  are  soluble  in  water, 
can  split  out  their  diazo  component  only  in  more  or  less  acid  media,  and  precisely  this  property  has  made  it 
possible  to  use  the  dlazoamino  compounds  mixed  with  the  naphthols  of  die  AS  series  (azotols)  for  color  printing 
of  fabrics  [3,  4], 

We  have  previously  synthesized  the  diazo  salts  of  methyltriazene-N-sulfonic  acid 
by  mixing  diazo  salts  with  methylsulfamlc  acid  at  pH  3.  For  these  salts  we  proved  the 
general  structural  formula  (B)  [5]. 

Ifowever,  in  these  compounds  only  the  salt-forming  diazo  component  was  capable 
of  azo-coupling  in  neutral  medium,  and  the  second  diazo  component,  covalently  bound 
with  the  amino  group,  was  split  out  only  upon  acidification.  Comparison  of  the  ability  of  the  diazo  salts  of 
methylaryltriazene-  and  dlaryltriazenesulfonic  acids  to  couple  in  neutral  medium  has  compelled  us  to  suggest 
that  either  die  structural  formula  proposed  by  us  for  the  latter  is  incorrect,  or  replacement  of  the  methyl  group 
by  an  aryl  group  in  compounds  of  this  type  results  in  strong  polarization  and  weakening  of  the  bond  between  the 
diazo  group  and  the  imido  group. 

A  solution  of  the  question  arising  could  be  arrived  at  by  the  synthesis,  instead  of  the  diazo  compounds,  of 
the  simpler  and  therefore  more  easily  Investigated  sodium  salts  of  the  dlaryltrlazene-N-sulfonic  acids,  the  proper¬ 
ties  of  which  could  be  compared  directly  with  those  of  the  potassium  salts  of  the  methylary Itriazene-N-sulfonic 
acids  that  have  been  thoroughly  studied  by  us  previously. 

It  appeared  that  all  six  of  the  diazo  salts  of  diaryltriazene-N-sulfonic  acids  synthesized  by  us,  which  were 
poorly  soluble  in  water,  dissolved  readily  in  0.1  N  sodium  hydroxide  solution.  Moreover,  replacement  of  the  diazo 
cation  by  tiie  sodium  cation  evidently  occurs  with  simultaneous  conversion  of  the  diazo  cation  to  isodiazotate  (in 
tfie  case  of  2,5-dlchloro-  or  4-nitrodiazobenzene). 
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However,  Isolation  of  the  sodium  salts  from  the  dlazoaminodiazo  salts  synthesized  from  2,5-dichloro-  or 
4-nittodiazobenzene  in  a  form  sufficiently  pure  for  the  purposes  of  the  investigation  proved  to  be  difficult  because 
of  their  instability.  Only  by  the  action  of  alkali  on  the  4“chlorophenyldia25onium  salt  of  4-chlorodiphenyltriazene- 
N-sulfonic  acid  (VI)  did  we  succeed  in  separating  the  corresponding  sodium  salt  (VII),  the  structure  of  which  was 
exactly  established  by  analyses  for  diazo  nitrogen,  sulfur,  sodium,  and  for  dtazo-  and  amino-group  content,  and 
also  by  conversion  to  the  original  dlazoaminodiazo  salt  (VI)  by  the  action  of  4-chlorophenyldiazonium  chloride 
on  the  sodium  salt. 


\n.,ci 


^Cl  +  NaCl 

It  was  confirmed  that  sodium  4-chlorodiphenyltriazene-N-sulfonate  actually  is  capable  of  azo-coupling  in 
neutral  medium.  More  than  that,  it  retains  the  ability  to  couple  in  bicarbonate,  sodium  carbonate,  and  even 
caustic  alkali  medium.  Only  when  the  concentration  of  sodium  hydroxide  reaches  28-30%  does  coupling  not  occur. 
At  the  same  time,  the  structurally  similar  potassium  salts  of  the  methylaryltriazene-N-sulfonic  acids  combine 
with  azo  constituents  at  room  temperature  only  in  acid  media  with  pH  2-4  [6].  Consequently,  it  can  be  considered 
clear  that  just  the  replacement  of  the  methyl  group  by  an  aryl  group  in  these  compounds  leads  to  weakening  of 
the  bond  between  the  diazo  and  the  amino  groups. 

Examining  the  structure  of  the  methylaryl-  and  the  diaryltriazene-N-sulfonates,  we  apparently  can  come 
to  the  following  conclusion. 


SOjM  S0,M 


In  the  methylaryltriazene-N-sulfo nates  the  bond  between  the  diazo  nitrogen  and  the  amino  group  is  weakened 
as  a  result  of  a  shift  in  electron  density  in  the  direction  of  the  electrophilic  arylazo  group  and  the  sulfo  group, 
kfowever,  the  electron-donor  methyl  group,  which  increases  the  electron  density  of  the  imido  nitrogen,  thus 
strengthens  the  bond  between  the  nitrogen  and  the  diazo  group.  If,  however,  an  aryl  group  appears  in 
place  of  the  methyl  group  in  tlie  same  position,  then  it,  having  an  electrophilic  character,  not  only  does  not  streng¬ 
then,  but  even  weakens  the  bond  of  the  imido  nitrogen  with  the  diazo  group. 

In  our  preceding  communications  [2,  7,  8]  we  have  shown  that  the  diazonium  salts  of  the  arylsulfamic  acids, 
in  contrast  to  most  of  the  other  diazonium  salts,  are  deeply  colored;  moreover,  the  more  electrophilic  the  sub¬ 
stituents  in  the  benzene  ring  of  the  diazo  cation  and  the  more  nucleophilic  the  substituents  in  the  benzene  ring  of 

the  arylsulfamate  anion,  the  deeper  is  the  color  of  the  salts.  The  diazonium 
salts  of  the  diaryltriazene-N-sulfonic  acids  described  in  the  present  work  can 
also  be  considered  as  salts  of  arylsulfamic  acids  in  which  a  nitrogen  has  been 
replaced  by  an  arylazo  group  (C).  Therefore,  it  might  seem  that  we  could  ex¬ 
pect  them  also  to  be  deeply  and  intensely  colored.  Actually  all  these  salts  are 
colored,  weakly  or  highly,  from  cream  to  mustard  or  light  brown. 

The  apparent  contradiction  can  be  easily  explained  by  the  fact  that  in  these  Salts  the  imido  group  of  the 
arylsulfamate  ions  is  replaced  by  the  strongly  electrophilic  arylazo  groups,  in  which  there  are  also  electrophilic 
substituents  (X  =  NO2,  and  the  like).  As  a  result  of  this,  the  unshared  electron  pair  on  the  nitrogen  of  the  arylsul¬ 
famic  acid  cannot  transmit  to  the  oxygen  of  the  sulfo  group  the  additional  electron  density  necessary  to  create 
the  special  type  of  salt  bond  with  the  diazonium  cation  that  provides  the  strong  bathochromic  effect. 

EXPERIMENTAL 

2,5-Dichloro;Aenyldiazonium  salt  of  2,5-dichloro-4*-methyldiphenyltriazene-N-sulfonic  acid  (I).  1.62  g 
of  2,5-dichloroaniline  was  dissolved  in  6  ml  of  5  N  hydrochloric  acid,  cooled  to  0",  and  diazotized  with  a  small 
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excess  of  5  N  nitrite  solution.  To  the  diazo  solution  obtained  were  added  a  few  crystals  of  sulfamic  acid  to  re¬ 
move  the  excess  nitrous  acid,  and  then  sodium  acetate  until  a  pH  of  3  was  reached.  The  solution  was  filtered 
and  kept  in  ice. 

2.3  g  of  sodium  4-tolylsulfamate  was  dissolved  in  water  and  40  ml  of  concentrated  acetate  buffer  with  a 
pH  of  6  was  run  in.  Into  the  cooled  solution,  from  which  the  tolylsulfamate  began  to  precipitate,  was  poured  the 
diazo  solution,  with  stirring  at  0*.  The  reaction  suspension  immediately  became  red  and  in  3-5  min  it  was  filled 
with  red  crystals  of  the  2,5-dlchlorophenyldlazonium  4-tolylsulfamate,  which  upon  further  stirring  began  to  lose 
their  form  and  color.  In  15-20  min,  when  the  mixture  lost  its  rosy  hue  and  took  on  a  creamy  color,  stirring  was 
stopped  and  the  reaction  suspension  was  poured  in  a  thin  layer  onto  plates  of  unfired  clay.  After  remaining  on 
the  plates  for  40  min  the  layer  of  light  cream-colored  material  was  removed  with  a  knife.  When  kept  longer, 
the  product  began  to  turn  brown,  which  Indicated  the  start  of  decomposition.  The  powder  was  further  dried 
in  a  vacuum  desiccator  painted  with  black  lacquer,  over  potassium  hydroxide.  2. 3-2.6  g  of  the  diazonium  salt 
was  obtained  (80.8-91.3%).  Isolation  of  the  reaction  product  by  ordinary  filtration  and  drying,  or  delay  in  die 
process  of  preparation  and  Isolation,  led  to  its  turning  brown  and  partially  decomposing. 

The  diazoaminodiazo  salt  was  extremely  unstable  on  storage.  We  did  not  succeed  in  recrystalllzlng  it,  be¬ 
cause  it  was  poorly  soluble  in  water  and  decomposed  in  organic  solvents.  However,  when  the  conditions  described 
above  were  maintained,  the  product  was  obtained  sufficiently  pure  for  analysis,  but  the  analysis  had  to  be  carried 
out  immediately  after  drying.  If  the  diazoaminodiazo  salt  was  not  affected  by  decomposition,  it  dissolved  com¬ 
pletely  in  the  cold  in  0.1  N  sodium  hydroxide  solution  with  a  pale  yellow  coloration.  By  addition  of  acetic  acid 
to  the  alkaline  solution  the  diazoaminodiazo  salt  could  again  be  precipitated.  When  the  dry  product,  on  the  end 
of  a  spatula,  was  brou^t  close  to  an  incandescent  electric  coil,  it  immediately  burst  into  flames.  The  diazo¬ 
aminodiazo  salt  that  had  decomposed  on  storage  gave  off  sulfuric  acid,  detectable  by  the  acid  reaction  to  Congo 
paper  and  the  formation  of  a  precipitate  with  barium  chloride.  The  suspension  of  the  diazoaminodiazo  salt  in 
water  actively  combined  with  azo  constituents  in  neutral  medium. 

Found  %:  5  5.60,5.56;  diazo  nitrogen  9.56,  9.82.  Ci9Hi303N5SCl4  •  2H2O.  Calculated  %:  5  5.63;  diazo 
nitrogen  9.84. 

Coupling  of  diazoaminodiazo  salt  with  6-naphthol  in  neutral  medium,  a)  0.5984  g  of  the  compound  was 
stirred  with  50  ml  of  0.1  N  8  -naphthol  solution  at  room  temperature  for  10  min.  The  6-naphthol  solution  was 
previously  neutralized  with  acetic  acid  to  pH  7.  The  excess  8 -naphthol  was  titrated  with  a  0.1  N  p-nltrophenyl- 
diazonium  solution  immediately  after  the  10  min  combination  period. 

The  actual  consumption  of  0.1  N  6-naphthol  solution  was  10.88  ml  C19H13O3N55CI4  •  2H2O.  The  calculated 
consumption  of  0.1  N  6-naphthol,  based  on  monoequivalence  of  the  compound,  was  10.51  ml. 

b)  0.5169  g  of  the  compound  was  coupled  with  an  excess  of  6-naphthol  under  the  same  conditions,  but  for 
a  period  of  2  hrs.  The  consumptwn  of  0.1  N  6  -naphthol  solution  was  13.28  ml.  The  calculated  consumption 
based  on  monoequivalence  of  the  compound,  was  9.08  ml. 

c)  0.2386  g  of  the  compound  was  coupled  with  8 -naphthol  under  similar  conditions  for  a  period  of  6  hrs. 

The  actual  co.nsumption  of  0.1  N  6  -naphthol  solution  was  8.23  ml.  The  calculated  consumption,  based  on  bl- 
equivalence  of  the  compound,  was  8.38  ml. 

Determination  of  the  total  content  of  two  diazo  and  one  amino  components.  A  weighed  portion  of  the  diazo¬ 
aminodiazo  salt  was  dissolved  in  50  ml  of  0.1  N  sodium  hydroxide,  0.3  g  of  sodium  nitrite  was  added,  and  the 
solution  obtained  was  poured  into  a  mixture  of  5  ml  of  5  N  hydrochloric  acid  and  ice.  After  5  minutes*  stirring, 

50  ml  of  0.1  N  6-naphthol  solution  was  run  into  the  solution,  its  pH  was  brought  to  7  with  bicarbonate  solution, 
and  after  30  minutes'  stirring  the  excess  of  6-naphthol  was  determined  with  0.1  N  p-nitrophenyldiazonium  solu¬ 
tion. 

0.5431  g  of  compound  required  27.65  ml  of  0.1  N  6-naphthol.  C19H13O3N55CI4  •  2H2O.  Calculated,  28.62 
ml  of  0.1  N  8 -naphthol  (If  the  compound  is  considered  triequivalent). 

0.4879  g  of  compound  required  26.18  ml  of  0.1  N  6-naphthol.  Calculated,  25.71  ml  of  0.1  N  6-naphthol. 

Qualitative  determination  of  salt- forming  diazo  compound.  1.3  g  of  the  diazoaminodiazo  salt  was  poured 
into  50  ml  of  0.1  N  6  -naphthol  solution,  which  had  been  brought  to  a  pH  of  7  with  acetic  acid,  and  100  ml  of 
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water  and  stirred  vigorously  for  10  min.  The  red  azo  dye  that  separated  out  was  filtered  off  and  the  precipitate 
was  washed  with  warm  0.1  N  sodium  hydroxide  solution,  and  then  with  water.  After  drying  and  one  recrystal llza- 
tion  from  glacial  acetic  acid  the  azo  dye  melted  at  183‘.  The  azo  dye  specially  syntiieslzed  from  2,5-dlchloro- 
phenyldiazonium  and  6-naphthol  also  melted  at  183*  [9]  and  when  mixed  with  the  dye  obtained  from  the  dlazo- 
aminodiazo  salt  it  melted  witliout  depression. 

Qualitative  determination  of  salt-forming  diazo  components  and  of  the  diazo  group  linked  with  amino 
components.  0.8  g  of  the  diazoamlnodiazo  salt  was  coupled  with  6  -naphthol  at  pH  7  for  6  hrs  with  stirring.  After 
standing  overnight,  the  azo  dye  that  had  precipitated  was  separated  as  described  above.  In  this  case  also  2,5-dl- 
chlorophenylazo-S  -naphthol  was  obtained  with  m.  p.  183*.  Consequently,  both  azo  groups  were  2,5-dlchlorodiazo- 
benzene  groups. 

Determination  of  amino  components.  2.0011  g  of  the  diazoamlnodiazo  salt  was  coupled  with  an  excess  of 
6-naphthol  at  pH  7  for  6  hrs.  The  next  day  the  suspension  was  acidified  and  the  azo  dye  that  precipitated  was 
filtered  off,  together  with  a  small  amount  of  8 -naphthol  that  settled  out.  The  filtrate,  after  addition  of  5  ml  of 
concentrated  hydrochloric  acid,  was  titrated  with  0.1  N  nitrite  solution.  Consumption  was  19.36  ml,  or  55.1<yoof 
the  calculated  amount. 

The  solution  titrated  with  nitrite  was  neutralized  with  sodium  carbonate  and  poured  into  an  excess  of  alka¬ 
line  6  -naphthol  solution.  The  azo  dye  that  precipitated  was  washed  with  water,  dried,  and  recrystallized  twice 
from  glacial  acetic  acid,  after  which  it  melted  at  129.0-129.5*.  The  m.  p.  of  4-tolylazo-8 -naphthol  is  130*  [9]. 
Consequently,  the  amino  component  was  4-tolylsulfamlc  acid. 

2,5-Dichlorophenyldiazonium  salt  of  2,5-dichlorodiphenyltriazene-N-sulfonic  acid  (II).  1.95  g  of  sodium 
phenyl sulfam ate  was  dissolved  in  30  ml  of  water  and  mixed  with  75  ml  of  concentrated  acetate  buffer  with  pH  6. 
Then  a  0.01  M  solution  of  2,5-dichlorodiazobenzene  prepared  as  described  above  was  run  in  with  stirring.  Im¬ 
mediately  a  bright  orange  precipitate  of  2,5-dichlorophenyldiazonlum  phenylsulfamate  separated  out,  which  upon 
further  stirring  for  30-40  min  gradually  disappeared,  being  converted  into  pale  yellow  crystals  that  had  the  appear¬ 
ance  under  a  microscope  of  voluminous  flakes  gathered  into  rosettes.  As  soon  as  the  orange  crystals  disappeared, 
the  reaction  mass  was  poured  in  a  thin  layer  onto  unglazed  porcelain  plates  and  after  30-40  minutes’  delay  the 
almost  dry  material  was  removed  with  a  knife  and  further  dried  for  20  min  in  a  vacuum  desiccator  over  solid 
potassium  hydroxide.  Yield  2. 1-2. 3  g  (about  80%). 

The  diazoamlnodiazo  salt  obtained  was  poorly  soluble  in  water  and  decomposed  in  organic  solvents.  In 
0.1  N  alkali  solution  it  formed  a  clear,  pale  yellow  solution  that  slowly  combined  with  H  acid.  If  the  product 
was  not  fully  soluble  in  alkali,  this  was  an  indication  of  its  partial  decomposition. 

When  the  diazoaminodiazo  salt  was  separated  by  filtration  and  washing  with  glacial  acetic  acid,  with  sub¬ 
sequent  drying  on  unglazed  porcelain,  the  compound  became  yellow,  then  turned  brown  and  was  converted  into 
a  paste  that  was  acid  to  Congo,  insoluble  in  water,  poorly  soluble  in  sodium  hydroxide,  and  contained  the  sulfate 
ion. 

The  dry  diazoaminodiazo  salt  when  brought  close  to  an  incandescent  electric  coil  instantly  burst  into  flames. 

Found  %:  diazo  nitrogen  9.90.  Ci8Hn03N5SCl4  •  2H2O.  Calculated  %:  diazo  nitrogen  10.09. 

Determination  of  total  content  of  diazo  components.  0.3203  g  of  compound  was  stirred  with  20  ml  of  5  N 
hydrochloric  acid  at  0“  for  1  hr.  Into  the  pale  yellow,  almost  transparent,  solution  that  was  obtained  was  poured 
25  ml  of  0.1  N  8 -naphthol  solution,  bicarbonate  was  added  carefully  to  bring  the  pH  to  7,  and,  after  30  minutes’ 
stirring,  the  excess  8 -naphthol  was  titrated  with  0,1  N  solution  of  p-nitrophenyldiazonium. 

Actual  consumption  of  0.1  N  6  -naphthol  solution  was  11.35  ml,  calculated  11.54  ml. 

Determination  of  the  total  of  the  diazo  components  and  the  amino  components.  0.1882  g  of  compound  was 
stirred  witli  20  ml  of  5  N  hydrochloric  acid  at  0°  for  1  hr  until  the  material  dissolved,  an  excess  of  nitrite  was 
added,  and  after  15  minutes'  stirring  the  excess  nitrous  acid  was  removed  by  the  addition  of  sulfamic  acid.  The 
solution  of  diazo  compounds  obtained  was  coupled  with  an  excess  of  0.1  N  8  -naphtlrol  solution,  first  at  pH  7  and 
finally  at  pH  9-10. 

Actual  consumption  of  0.1  N  8  -naphthol  solution  was  9.97  ml,  calculated  (based  on  triequivalence  of  the 
compound)  10.17  ml. 
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4-Nltrophenyldlazonium  salt  of  4-nitrodlphenyltrlazene-N-sulfonic  acid  (IV).  To  a  solution  of  1  g  of 
sodium  phenylsulfamate  in  25  ml  of  concentrated  acetate  buffer  with  pH  6,  cooled  in  ice,  was  added  0.005  mmoles 
of  p-nitrophenyldiazonium  that  had  been  freed  of  excess  nitrous  acid  and  adjusted  to  pH  3  with  acetate. 

Immediately  the  red-brown  4-nitrophenyldiazonium  salt  of  phenylsulfamic  acid  precipitated,  which  upon 
further  stirring  gradually  started  to  lose  its  color  and  brilliance.  When  the  material  was  observed  under  a  micro-  j 

scope,  it  could  be  seen  that  there  were  fine  yellow  crystals  along  with  the  large  rose-colored  platelets  of  the  diazo 
salt.  I 

30  min  after  the  start  of  the  reaction  the  mixture  was  poured  in  a  thin  layer  onto  unglazed  clay  plates.  In  I 

30-35  min  the  material  was  easily  poured  from  tlie  plates  as  a  dry,  light  brown  powder. 

The  diazo  amino  diazo  salt  was  poorly  soluble  in  water,  but  a  suspension  combined  vigorously  with  H  acid. 

It  was  completely  soluble  in  0.1  N  alkali  solution,  forming  a  clear  red  solution.  Upon  heating  over  an  electric 
heater  the  salt  instantly  burst  into  flames. 

Analysis  for  the  total  diazo  components  and  amino  components.  0.2509  g  of  compound  was  dissolved  in 
20  ml  of  5  N  hydrochloric  acid  cooled  with  ice.  The  reddish  solution  formed  was  diazotized  with  an  excess  of 
nitrite.  In  10  min  the  excess  nitrite  was  removed  by  the  addition  of  sulfamic  acid  and  the  solution  was  poured 
into  25  ml  of  0.1  N  6-naphthol  solution.  The  pH  of  the  reaction  mixture  was  adjusted  to  7  with  bicarbonate  and 
the  excess  8  -naphthol  was  titrated  with  0.1  N  p-nitrophenyldiazonium  solution. 

Actual  consumption  of  0.1  N  8 -naphthol  solution  was  15.92  ml,  calculated  (based  on  triequivalence  of  the 
compound)  15.96  ml. 

4-Nitrophenyldiazonium  salt  of  4-nitro-4'-methyldiphenyltriazenesulfonic  acid  (III).  The  diazoamino- 
diazo  salt  was  prepared  from  4-nitrophenyldlazonlum  and  4  -  to  lyl  sulfamic  acid  at  pH  6  under  conditions  similar 
to  those  described  above.  The  mustard-colored  salt  was  poorly  soluble  in  water,  but  a  suspension  combined 
vigorously  with  H  acid.  It  dissolved  completely  in  0.1  N  sodium  hydroxide  solution  with  the  formation  of  a  clear 
red  solution.  It  also  was  soluble  in  5  N  hydrochloric  acid,  forming  a  clear,  pale  yellowish  solution  that  contained 
2  moles  of  p-nitrodiazobenzene  and  1  mole  of  p-toluidlne. 

3- Nitrophenyldiazonium  salt  of  3-nitro-4*-methylphenyltriazene-N-sulfonic  acid  (V).  This  compound  was 
prepared  under  the  same  conditions  as  ^e  4-nitro  derivative.  The  salt  was  cream-colored.  It  was  poorly  soluble 
in  water.  An  aqueous  suspension  combined  well  with  azo  components.  In  the  dry  state,  when  it  was  placed  on  the 
end  of  a  spatula  and  brought  close  to  the  incandescent  coil  of  an  electric  heater,  it  flared  up  strongly.  In  0.1  N 
alkali  it  formed  a  clear  yellow  solution.  It  dissolved  completely  in  5  N  hydrochloric  acid  with  the  formation  of 
an  almost  colorless  solution  containing  2  moles  of  3-nitrodiazobenzene  and  1  mole  of  p-toluidlne. 

4- Chlorophenyldiazonium  salt  of  4-chlorodiphenyltriazene-N-sulfonic  acid  (VI).  2.55  g  of  4-chloroanlllne 

was  diazotized  as  usual,  the  excess  of  nitrous  acid  was  removed  with  sulfamic  acid,  and  sodium  acetate  was  added 
to  bring  the  pH  to  3.  The  diazo  solution  was  filtered  and  kept  in  ice. 

4.3  g  of  sodium  phenylsulfamate  was  dissolved  in  20  ml  of  water,  30  ml  of  saturated  sodium  bicarbonate 
solution  was  added,  and  the  mixture  was  cooled  with  ice.  Into  the  solution  produced  was  poured  a  cold  solution 
of  4-chlorophcnyldlazonium,  witlt  stirring.  Thereupon,  a  light  yellow  precipitate  Immediately  appeared,  but 
there  also  was  noticeable  on  the  bottom  and  sides  of  tlie  reaction  beaker  a  pasty,  orange-yellow  mass  of4-chloro- 
phenyldiazonium  phenylsulfamate,  which  was  gradually  converted  to  a  light  yellow  precipitate  on  stirring.  After 
1.5  hrs  stirring  at  0*  the  reaction  mass,  which  had  become  homogeneous,  was  filtered.  The  precipitate  was  washed 
5  times  with  10-15  ml  portions  of  ice  water,  transferred  to  an  unglazed  porcelain  plate,  pressed  out,  and  dried 
overnight  in  a  darkened  vacuum  desiccator  over  solid  pxjtasslum  hydroxide.  The  light  yellow  powder  (fine  crystals 
under  the  microscope)  that  was  obtained  weighed  3.7  g  (82.2%).  It  was  poorly  soluble  in  cold  water.  It  dissolved 
in  alcohol  and  acetone  with  a  yellow  color,  and  was  insoluble  in  benzene  and  chloroform.  The  aqueous,  alcoholic, 
and  acetone  solutions  combined  with  azo  components.  The  solution  in  acetone  deposited  in  a  few  minutes  a  new, 
weakly  colored,  flocculent  product,  which  was  not  investigated. 


Found  %:  diazo  nitrogen  12.33;  S  6.96.  C18H13O3N5SCI2.  Calculated  %:  diazo  nitrogen  12.44;  S  7.12. 


Analysis  for  Combination  at  pH  7 

a)  Coupling  In  10  mlu.  0.4522  g  of  compound:  9.6  ml  0.1  N  3 -naphthol.  Ci8Hi303N5SCl2.  Calculated: 
10.04  ml  0.1  N  6 -naphthol  solution  (if  the  compound  Is  considered  monoequivalent). 

b)  Coupling  in  6  hrs.  0,4778  g  compound:  19.9  ml  0,1  N  6 -naphthol,  CigHijOgNgSC^,  Calculated:  21.2 
ml  0.1  N  8  -naphthol  (if  the  compound  Is  considered  biequivalent). 

Sodium  salt  of  4-chlorodiphenyltriazene-N-sulfonic  acid  (VII).  2  g  of  4-chlorophenyldiazonium  salt  of 
4-chlorophenyltriazene-N-sulfiDnic  acid  was  dissolved  in  40  ml  of  0.5  N  sodium  hydroxide  solution  at  8".  The 
compound  dissolved  almost  completely.  The  filtered  orange  solution  became  turbid  in  the  suction  flask  because 
the  sodium  salt  started  to  precipitate.  10  ml  of  saturated  sodium  acetate  solution  was  added  to  the  filtrate  and 
it  was  placed  in  ice.  The  precipitate  that  separated  out  (light  yellow  needles  under  the  microscope)  was  filtered 
off,  washed  with  several  milliliters  of  ice  water,  pressed  out  on  an  unglazed  porcelain  plate,  and  dried  in  a  vacuum 
desiccator  over  potassium  hydroxide  overnight.  The  dry  beige-colored  precipitate  weighed  0.89  g  (54.3%). 

The  sodium  salt  of  the  triazene-N-sulfonlc  acid  was  slightly  soluble  in  water  (yellow  solution).  When  the 
aqueous  solution  stood  at  room  temperature  it  gradually  turned  brown,  and  when  heated,lt  vigorously  gave  off  gas 
like  a  solution  of  an  azo  compound.  The  trlazene-N-sulfonate  solution  combined  with  H  acid  to  form  an  azo 
dye  not  only  in  acetic  acid  medium,  but  also  in  bicarbonate  and  sodium  carbonate  media.  The  combination  still 
occurred  in  0.5  N  alkali  solution,  but  ceased  in  28-30%  solution;  however,  when  bicarbonate  was  added  to  the 
alkali  solution,  i.  e,,  on  conversion  to  a  sodium  carbonate  medium,  combination  again  was  resumed. 

The  triazene-N-sulfonate  was  readily  soluble  in  alcohol  (the  solution  was  the  color  of  strong  tea),  and  only 
a  little  less  so  in  ether  (with  the  same  color).  Tlie  product  was  slightly  soluble  in  chloroform  and  insoluble  in 
benzene  and  petroleum  ether. 

The  dry  sodium  salt  decomposed  Instantly  over  an  Incandescent  coll  of  an  electric  heater  with  the  evolution 
of  yellow  vapors  but  without  fire. 

When  a  solution  of  4-chlorophenyldiazonlum  chloride.neutralized  with  bicarbonate, was  added  to  an  aqueous 
solution  of  the  sodium  salt  of  4-chlorodiphenyltriazlne-N-  sulfonic  acid,  a  light  yellow  precipitate  of  the  above- 
described  4-chlorophenyldiazonium  4-chlorodiphenyltriazene-N-sulfonate  Immediately  separated  out.  When 
alkali  was  added  to  this  suspension,  a  solution  of  the  sodium  salt  again  was  formed. 

Found  %:  diazo  nitrogen  7.26,  7.43;  S  8.47;  Na  6.38.  Ci2H903N3SClNa.  Calculated  %:  diazo  nitrogen 
7.57;  S  8.67;  Na  6.22. 

Analysis  for  combination  with  3 -naphthol.  0.4814  g  of  compound  was  dissolved  in  100  ml  of  water,  25.0 
ml  of  0.1  N  8 -naphthol  adjusted  to  a  pH  7  with  acetic  acid  was  added,  and  the  mixture  was  stirred  for  2  hrs  at 
room  temperature  and  left  overnight.  In  the  morning  the  excess  3 -naphthol  was  titrated  with  0.1  N  p-nitrophenyl- 
diazonium  solution.  Consumption  of  0.1  N  3 -naphthol  was  13.44  ml;  calculated  consumption  for  C^HgOgNgSClNa 
was  13.02  ml. 

Analysis  for  phenylsulfamic  acid.  After  combination  with  8 -naphthol  the  precipitate  of  azo  dye  was  fil¬ 
tered  off  and  washed.  To  the  filtrate  and  wash  water  was  added  5  ml  of  concentrated  hydrochloric  acid  and  the 
mixture  was  titrated  with  0.1  N  sodium  nitrite  solution.  13.23  ml  was  consumed;  calculated  consumption  for 
C^HgOgNgSClNa  was  13.02  ml. 


SUMMARY 

1,  By  the  action  of  diazonium  salts  on  arylsulfamic  acids,  diazonium  salts  of  dlaryltrlazene-N-sulfonlc 

/Ar' 

acids  Ar  — N=N~N<.  ,  have  been  synthesized,  the  structure  of  the  latter  salts  has  been  demonstra- 

\SO.,N,— Ar' 

ted,  and  some  of  llieir  properties  have  been  studied. 

2.  It  has  been  established  that  it  is  possible  to  prepare  from  the  diazonium  salts  of  the  diaryltriazene-N- 
sulfonlc  acids  by  the  action  of  alkali  the  corresponding  alkali  salts,  which  can  again  be  converted  to  the  starting 
diazonium  salts  by  exchange  decomposition  with  diazonium  chlorides. 
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3,  It  has  been  shown  that  In  contrast  to  the  methylaryltrlazene-N-sulfonates  and  other  trlazenes  of  similar 
structure,  In  the  dlaryltrlazene-N-sulfonates  the  dlazo  component  Is  linked  with  the  Imldo  group  so  unstably  that 
It  Is  capable  of  splitting  out  and  combining  with  azo  components  In  neutral  and  even  In  alkaline  media.  An  ex¬ 
planation  of  this  property  has  been  suggested. 
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INVESTIGATIONS  IN  THE  FIELD  OF  OR  G  A  N  OC  Y  C  LO  SI  L  OX  A  N  E  S 


m.  THE  USE  OF  THE  METHOD  OF  THERMOOXIDATIVE  DESTRUCTION  FOR  THE 
INVESTIGATION  OF  THE  HYDROLYSIS  PRODUCTS  OF  ALKYLTRICHLOROSILANES 

N.  N.  Sokolov 


As  a  result  of  the  complete  hydrolysis  of  dlfunctlonal  organoslllcon  monomers,  linear  and  cyclic  organo- 
polyslloxanes  are  obtained  In  various  ratios.  The  problem  of  the  structure  of  polymers  formed  as  a  result  of  the 
hydrolysis  of  monomers  which  are  more  than  dlfunctlonal  Is  more  complicated. 

As  a  result  of  the  hydrolysis  of  trifunctional  monomers  In  excess  water,  complex  spatial  polymers  with  the 
empirical  formula  (RSlOi.5)n  formed.  In  this  Instance  the  number  of  blocking  groups  Is  markedly  reduced 
and  the  Isolation  of  the  individual  hydrolysis  products  Is  very  difficult. 

As  a  result  of  the  hydrolysis  of  methyl-  and  ethyltrlethoxysllanes  In  alcohol  It  was  possible  to  Isolate  poly- 
methylslloxanes  with  a  complex  trl-  and  tetracyclic  structure  In  the  amount  of  several  percent  from  the  hydro ly- 
zates  [1].  In  all  these  substances  the  formation  of  rings  Is  possible  owing  to  the  ethoxy  or  hydroxyl  end  groups. 

The  most  Interesting  [1]  are  hexa(ethylsilisesquioxane)  [CjHsSlOi^sls,  octa(ethylsillsesquioxane)  [C2H5SlOi.5]g  and 
the  analogous  octa(methylslllsesquioxane)  [2]  which  do  not  contain  functional  groups. 

As  a  result  of  the  catalytic  rearrangement  of  the  hydrolysis  products  of  the  corresponding  organotrlchloro- 
sllanes  [3]  1-9%  of  crystalline  cubic  octamers  of  methyl-,  ethyl-,  N-propyl-,  N-butyl  and  cyclohexylslllsesquloxaneswere 
obtained  and  cubic  silisesquioxane  [ClsCgSlOi.sJg  was  found  [4]  In  the  hydrolysis  products  of  pentachlorophenyl- 
trlchlorosllane.  Andrianov  and  Zhdanov  [5]  put  forward  the  suggestion  that  Internal  rings  are  formed  as  a  result 
of  the  hydrolysis  of  phenyltrlchlorosilane. 

Cyclic  compounds  with  a  "urotroplne"  structure,  where  N  Is  replaced  by  SI,  and  CH2  by  O  were  obtained 
from  the  hydrolysis  products  of  RSiClg  (where  R  =  tertiary  C4H9,  IS0-C3H7)  [6]. 

These  data  Indicate  that  the  hydrolysis  of  trifunctional  monomers  Is  accompanied  by  the  formation  of  com¬ 
plex  ring-shaped  structures  from  which  small  amounts  of  the  individual  substances  can  be  Isolated.  The  main 
mass  of  the  hydrolyzate  does  not  lend  itself  to  structural  analysis,  however,  because  It  is  an  Infusible  and  Insoluble 
gel  or  powder.  It  may  be  assumed,  however,  that  this  mass,  which  Is  without  functional  groups,  consists  mainly 
of  cycloslloxanes  combined  in  various  ways. 

We  made  an  attempt  to  obtain  some  understanding  of  the  structure  of  the  hydrolysis  products  of  alkyltrl- 
chlorosllane  by  the  method  of  thermooxidatlve  destruction.  As  was  previously  shown  [7],  at  temperatures  of  the 
order  of  200-400“  atmospheric  oxygen  attacks  the  carbon  atom  near  the  silicon  In  the  polymer  molecule.  Asa 
result,  hydroperoxides  are  first  formed;  diese  rapidly  break  down  with  the  formation  of  formaldehyde  and  an  OH 
radical.  The  OH  radical  then  reacts  with  the  silicon  atom  giving  hydroxy  compounds;  the  condensation  of  the 
latter,  accompanied  by  the  splitting  off  of  water,  leads  to  the  formation  of  new  slloxane  bonds  In  the  molecule. 

For  the  thermooxidatlve  destruction  the  previously  synthesized  methylchlorocycloslloxanes  [8]  of  the 
[CHsSl  (Cl)0]4-7  series  and  ethylchlorocycloslloxanes  of  the  [CjHgSl (Cl) 033-5  [9]  were  completely  hydro¬ 

lyzed  with  the  formation  of  eye  He -stereometric  polymers  [RSlOj.sln  with  different,  but  specific,  numbers  of  rings. 
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Polymers  of  methyl-  and  ethyltrlchlorosilane  were  obtained 
in  a  similar  manner.  Figures  1  and  2  give  the  results  of  the  thermo- 
oxidative  destruction  of  these  polymers  expressed  as  the  loss  in  weight 
relative  to  the  number  of  Si— O  units  in  the  ring.  The  destruction 
was  carried  out  for  2  hrs  at  350  and  400*  for  polymethylslloxanes  and 
for  22  hrs  (200*)  and  1  hr  (300*)  for  polyethyl slloxanes. 

The  data  in  Fig.  1  show  the  clear  relationship  between  the 
degree  of  destruction  and  the  number  of  Si— O  units  In  the  polymers; 
polymethylslloxanes  with  an  even  number  of  units  are  destroyed  more 
slowly  than  similar  substances  with  an  odd  number  of  units.  This 
phenomenon  is  observed  at  350*,  when  the  destructive  decomposition 
of  the  radicals  is  still  not  complete,  and  at  400*,  when  this  decom¬ 
position  reaches  a  maximum  (tiie  dotted  curve  in  Fig.  1  signifies  the 
theoretical  loss  in  weight  corresponding  to  the  disruption  of  all  the 
radicals).  The  values  of  the  weight  loss  fisr  the  polymer  from  methyl- 
trlchlorosllane  justify  the  assumption  that  this  polymer  is  composed 
of  tliree-unit  rings  connected  by  siloxane  bonds. 


Fig.  1.  Thermoox Idatlve  destruction  of 
polymethylslloxanes.  1)  350*,  2  hrs; 

2)  400*,  2  hrs;  3)  m.  p.  of  methylchloro 
cyclotlloxanes;  4)  data  for  the  polymer 
from  CH5SICI3. 


As  a  check,  an  analysis  was  made  of  the  polymers  after  destruc¬ 
tion  at  400*  (see  Table). 

Analysis  of  Ftolymethylsiloxanes  After  Thermooxldatlve  Destruction 


Polymer 

1  Found 

H  (»/o) 

C  (%) 

H/C 

lCH3SiO,.5ln 

1.48 

5.61 

3.17 

|CH3SiUi.5j4„ 

3.34 

13.35 

2.98 

ICllsbiOl.sjsn 

1./-7 

5.36 

3.30 

lCH3SlUi^5jen 

4.4o 

17.86 

2.99 

|CH3SiUj_5]7if 

4.10 

16.10 

3.05 

Note.  Calculated  for  CFl3SlOi_5  C  17.9;  H  4,48. 


The  analytical  data  confirm  the  fact  that  maximum  destruc¬ 
tion  occurs  with  polymers  with  an  odd  number  of  Si— O  units.  The 
greater  than  theoretical  weight  loss  for  these  polymers  with  the  reten^ 
tlon  of  a  certain  number  of  methyl  groups  is  evidently  explained  by 
the  splitting  off  of  a  small  amount  of  volatile  products.  As  we  found 
[7],  complete  detachment  of  the  radicals  does  not  take  place  even 
after  heating  at  450*  for  24  hrs. 


Fig.  2.  Thermooxldatlve  destruction  of 
polyethylslloxanes.  1)  M.  p.  of  ethyl- 
chlorocydosiloxanes;  2)  220*,  22  hrs; 

3)  300*,  1  hr;  4)  thermoelasticity  at 
150*  5)  mechanical  strength  after  30 
min  at  200*;  6)  data  for  the  polymer 
from  C3HgSiCl3. 


From  a  comparison  of  Figs.  1  and  3  it  is  seen  that  polymethyl¬ 
slloxanes  with  an  even  number  of  Si— O  units  undergo  tlie  least  destruc¬ 
tion,  1.  e.,  that  there  is  an  Inverse  relationship  with  the  melting  points 
of  the  corresponding  monomers. 


In  contrast  to  polymethylslloxanes,  in  the  case  of  polyetliyl- 
slloxanes  (Fig.  2)  it  was  found  that  polymers  with  an  odd  number  of 
Si— O  units  undergo  minimum  thermooxldatlve  destruction.  In  this 
instance,  however,  the  Inverse  relationship  with  the  melting  points 
of  the  monomer  is  retained  because  in  the  case  of  dlethylcyclosiloxanes  the  "even"  polymers  have  lower  melting 
points  than  the  "odd"  ones  [13,  14].  The  same  relationship  obtains  for  ethylchlorocyclosiloxanes  (Fig.  2)  [9]  and, 
according  to  our  data,  for  ethylcycloslloxanes  also:  trlethylcyclotrlslloxane  has  m.  p.  of  100*,  tetraethylcyclo- 
tetrasUoxane,  m.  p.  of  107*  and  pentaethylcyclopentaslloxane,  m,  p.  of  82*. 


f 
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Number  of  Sl-O  units 


Fig.  3.  Melting  points.  1)  Dimethyl- 
cyclosiloxanes  [10];  2)  m  ethyl  chloro- 
cyclosiloxanes  [8];  3)  dimethylsiloxanes 
[12];  4)  m ethyl cylcosiloxanes  [8,  11]. 


The  values  of  the  weight  losses  for  the  hydrolysis  products  of 
ethyltrlchlorosilane  justify  the  assumption  that  this  polymer  consists 
mainly  of  three-unit  rings  connected  by  siloxane  bonds. 

A  consideration  of  the  experimental  data  leads  to  the  conclu¬ 
sion  that  in  this  instance  a  relationship  exists  between  the  melting 
points  of  the  initial  monomers  and  the  properties  of  the  corresponding 
polymers.  The  "even  number  factor"  (to  use  the  term  proposed  by 
V.  V.  Korshak)  embraces  a  wide  range  of  substances  including  both 
those  with  open  chains  (e.  g.,  carboxylic  acids)  and  cyclic  hydrocar¬ 
bons  (e.  g.,  cycloparaffins).  The  influence  of  the  even  number  fac¬ 
tor  was  also  established  for  high-molecular  compounds.  Korshak  and 
his  co-workers  [15,  16]  found  a  marked  difference  in  the  melting 
points  of  polyesters  of  even-membered  and  odd-membered  dicar- 
boxylic  acids:  all  the  polyesters  of  even-membered  dicarboxylic 
acids  melt  at  higher  temperatures,  like  the  "even"  acids  themselves. 
The  same  relationship  was  established  for  polyurethanes  and  poly¬ 
amides.  It  is  very  interesting  that  carboxylic  acids  with  an  even  num¬ 
ber  of  carbon  atoms  have  a  higher  decarboxylation  temperature  [17]. 

The  presence  of  the  even-number  factor  is  explained  by  the 
Influence  of  polar  forces  between  the  molecules;  with  an  increase 
in  these  forces  the  packing  density  of  the  polymers  increases  [15,  18] 
and  the  polymer  must  be  less  subject  to  thermooxidative  reduction, 
as  is  seen  in  the  case  of  polyalkylsiloxanes. 

An  increase  in  the  packing  density  must  also  lead  to  an  increase 
in  the  mechanical  strength  and  the  thermoelasticity  of  films  of  the 
polymer;  this  is  confirmed  by  the  dataof  Fig.  2  (curves  4  and  5). 


X-rays  •  showed  that  the  polymer  obtained  by  the  hydrolysis  of  SiCl4  is  completely  amorphous.  Ftoly- 
methylslloxane  (CH3SIO1  5)4n  was  found  to  be  amorphous-crystalline.  The  simultaneous  presence  of  a  fine-crystal¬ 
line  and  amorphous  structure  is  still  more  clearly  expressed  in  the  case  of  the  polymer  (CH3SiOi_5)4n.  The  struc¬ 
ture  of  polyalkylsiloxanes  is  undoubtedly  very  complex  and  is  far  from  showing  complete  regularity.  The  con¬ 
clusion  may  nevertheless  be  drawn  that  a  certain  number  of  cyclic  trimers  exists  in  the  hydrolysis  products  of 
0113310113  and  0211451013. 


EX  PERIMENTAL 

Samples  of  polyalkylsiloxanes  were  prepared  by  the  hydrolysis  of  the  corresponding  monomers  dissolved  in 
one  volume  of  toluene.  After  the  samples  had  been  washed  free  from  HOl  they  were  dried  for  4  hrs  at  120“  and 
crushed.  To  determine  the  weight  loss  as  a  result  of  thermooxidative  destruction  ~  0.2  g  weighed  samples  of  the 
polymers  In  open  crucibles  were  placed  in  a  muffle  furnace  at  the  given  temperature.  The  hydrolysis  and  destruc¬ 
tion  experiments  were  repeated  and  gave  reproducible  results.  The  Intial  alkylchlorocyclosiloxanes  corresponded 
to  the  characteristics  found  previously  [8,  9]. 

The  determination  of  die  thermoelasticity  and  mechanical  strength  of  the  polyethylsiloxanes  (directly  after 
hydrolysis  they  were  soluble  in  toluene)  was  carried  out  with  lacquer  films,  50  p  thick,  applied  to  copper  foil, 

0.1  mm  thick. 

The  time  required  for  cracks  to  appear  in  the  film  when  it  was  wound  around  a  3  mm  diameter  rod  served 
as  the  criterion  of  thermoelasticity.  The  mechanical  strength  was  characterized  as  the  numberof  reciprocal 
movements  of  a  250  g  ball  along  the  film  In  a  reversing  apparatus  up  to  the  moment  of  perforation  of  the  film 
as  a  result  of  the  stress  applied  to  the  ball  and  the  copper  plate. 


*  Taken  at  our  request  by  K.  V.  Krylov. 
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SUMM  ARY 


1.  The  metliod  of  thermooxldative  destruction  was  proposed  for  the  investigation  of  die  structure  of  poly- 
alkylsiloxanes. 

2.  It  was  found  that  the  degree  of  destruction  of  the  hydrolysis  products  of  methylchlorocyclosiloxanes  and 
ethylchlorocyclosiloxanes  is  characterized  by  the  even  number  factor  in  relation  to  the  number  of  SI— O  units  in 
the  initial  rings.  The  hydrolysis  products  of  methyl-  and  ethyltrichlorosilane  are  evidently  complex  structures  of 
cyclic  trimers. 

3.  The  hypothesis  was  advanced  that  the  even  number  factor  and  the  capacity  for  destruction  of  polyalkyl- 
siloxanes  depend  on  the  packing  density. 
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THE  SYNTHESIS  OF  o-CARBOXY>  AND 
O-CARBOXYDIMETHOXYBENZALBARBITURIC  ACIDS* 

E.  I.  Chukhlna 


The  main  task  of  the  present  work  was  the  study  of  the  synthesis  of  o-carboxy-  and  o-carboxydimethoxy- 
benzalbarbituric  acid  containing  two  acid  radicals  in  the  molecule,  i,  e.,  o-aldehydebenzoic  and  opianic  acids; 
these  compounds  have  not  been  previously  described  in  literature. 

o-Carboxybenzalbarbituric  acid  was  synthesized  in  two  ways:  a)  by  the  general  method  of  preparing  C- 
substituted  barbituric  acid  from  urea  and  o-carboxybenzylidenemalonic  ester  [2];  b)  by  die  condensation  of  o- 
aldehydebenzoic  acid  with  barbituric  acid  in  an  aqueous  medium. 


a) 


/COOG2H5 


HoN/ 


\/^COOH 


CO— NH. 

..  .CH=G/  )G0  +  2G2H60H 


^^GOOH 


(I) 


b) 


/\/ 


GHO 


GO— NH 
GO— NH 


GO 


/GO— NH. 

GH=G<  >GO  +  HjO 

^go-nr/ 

\^\gooh 

(I) 


o-Carboxybenzalbarbituric  acid  is  a  solid  crystalline  substance  with  am.  p.  of  276-278“.  The  structure  of 
the  compound  obtained  was  established  1)  by  oxidation,  which  led  to  tfie  formation  of  alloxan  and  2)  by  reduc¬ 
tion,  as  a  result  of  which  o-carboxybenzylbarbituric  acid  (II)  was  evidently  obtained.  As  a  result  of  the  alkaline 
hydrolysis  of  this  compound  o-carboxybenzylmalonlc  acid  (III)  was  isolated;  this  compound  was  first  obtained  by 
Wisllcenus  from  phthalylmalonlc  ester  [3]  which  after  being  heated  is  converted  to  o-carboxyhydroclnnamlc  acid 
(IV). (see  diagrams  at  top  of  next  page). 

When  o-carboxybenzalbarbiturlc  acid  was  synthesized  by  the  first  method  (from  urea  and  o-carboxybenzyl¬ 
idenemalonic  ester)  by-products  of  the  reaction  were  also  obtained:  1)  o-carboxyclnnamlc  acid,  2)  a  crystalline 
substance  of  unestablished  structure,  and  3)  a  substance  with  a  high  nitrogen  content  which,  according  to  the  nltro' 
gen  analysis  and  the  value  of  the  gram -equivalent  was  the  dlureide  of  o-carboxybenzylldenemalonlc  ester  (V). 
(see  diagram  on  following  page). 

Since  a  comparatively  low  yield  (45-50<7o)  of  the  main  product  was  obtained  in  this  reaction  the  condensa¬ 
tion  of  o-aldehydebenzolc  acid  with  barbituric  acid  In  an  aqueous  medium  was  investigated.  A  similar  conden- 

•  The  present  work  is  the  continuation  of  that  commenced  together  with  V.  M.  Rodionov  [1]. 
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/GO— NIK  p.o  HO.  .CO— Nliv 

..  /CH=C<  \C0  \C^  )CO 

^CO-NH''  cn,COOll  JJP)/  \co— NH/^ 


\/^\cOOH 


(I) 


,CO-NH. 


I  I  NaOlf 

^^^COOH  \/\ 


COOH 
CO  OH 


GflgCHoGOOH 


COOH 


(ID 


(HI) 


'-'^^COOH 


(IV) 


/CO— NH— CO— NH 
CH=C< 

\CO— NH— GO— NH 


2 

2 


\^\gooh 


(V) 


sation  of  aromatic  aldehydes  with  barbituric  acid  was  effected  by  Conrad  and  Reinbach  [4]  and  other  authors  [4], 
By  this  method,  o-carboxybenzalbarbituric  acid,  which  is  difficultly  soluble  in  water,  was  obtained  with  a  good 
yield  and  without  the  formation  of  reaction  by-products. 

The  condensation  of  barbituric  acid  widi  oplanic  acid  was  carried  out  under  the  same  conditions;  as  a  re¬ 
sult  a  75-85%  yield  of  o-carboxydlmethoxybenzalbarblturlc  acid  (VI),  which  is  also  difficultly  soluble  In  water, 
was  obtained. 


HgCo/^^coori 

H3CO/ 


+  H2C 


^CO-NH^ 

^co-nh/ 


CO 


,GO-NHv 


- 11  II  V 

^  CO-NH>'’ 

HaCo/V^^COOH 
IKCO/ 


(VI) 


The  synthesis  of  these  two  benzal  derivatives  of  barbituric  acid  with  a  good  yield  via  the  sodium  salts  of 
o-aldehyde  acids  was  also  found  to  be  possible. 

Considerable  difficulties  were  encountered  in  the  determination  of  die  gram-equivalents  of  the  barbituric 
acid  derivatives  obtained.  The  combustion  of  the  Na  salts  of  o-carboxy-  and  o-carbethoxydimethoxybenzalbarblturlc 
acids  in  the  presence  of  HNO3  and  H2SO4  [5]  made  it  possible  to  determine  the  quantitative  Na  content  fairly  ac¬ 
curately  and  to  calculate  the  gram-equivalent  of  die  acid  from  this. 

EX  PERIMENTAL 

The  condensation  of  o-carboxybenzylidenemalonic  ester  from  urea  in  the  presence  of  sodium  ethylate. 

When  25  g  of  o-carboxybenzylidenemalonic  ester  and  10  g  of  urea  were  heated  in  40  ml  of  an  alcoholic  solution 
of  sodium  ethylate  (from  4  g  of  Na)  and  die  mixture  was  acidified  with  HCl  (1 :1),  3  solid  fractions  were  obtained 
by  fractional  precipitation* : 


*  The  precipitates  were  first  treated  with  ether;  o-carboxycinnamic  acid  was  found  in  the  ethereal  solutions. 
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1)  1.96  g  of  a  substance  of  unidentified  structure,  in  the  form  of  colorless  needles  with  a  m.  p.  of  239-240* 
(from  alcohol); 

2)  10.55  g  of  o-carboxybenzalbarblturic  add  In  the  form  of  colorless  crystals  with  a  m.  p.  of  276-278** 

(from  water,  with  decomp.). 

Founder  €  55.60,55.37;  H  2.91,  3.00;  N  10.79,  10.82;  M  253,  257.  C^HgOgNj.  Calculated  €  55.39; 
H  3.08;  N  10.88.  M  260. ** 

3)  0.15  g  of  the  diurelde  of  o-carboxybenzylldenemalonic  ester  in  the  form  of  colorless  needles  (from  water) 
which  did  not  melt  up  to  a  temperature  of  310-315*  and  above  and  was  soluble  in  an  aqueous  solution  of  soda. 

Found  ojo:  N  17.31,  17.43.  M  318,  316.  €i3Hi20eN4.  Calculated  N  17.50.  M  320. 

When  o-carboxybenzalbarblturlc  acid  was  oxidized  with  CrOs  in  glacial  acetic  acid  [2],alloxan  was  formed. 
When  0.5  g  of  o-carboxybenzalbarblturlc  acid  was  reduced  with  zinc  dust  in  CHsCOOH  0.31  g  of  o-carboxyben- 
zylbarbituric  acid  was  precipitated  In  the  form  of  colorless  needles  with  a  m.  p.  236-237*  •••  (from  water). 

Found  %:  N  10.71,  10.80.  CyHioOgNj.  Calculated  N  10.69. 

After  the  alkaline  hydrolysis  of  0.25  g  of  o-carboxybenzylbarbituric  acid  0.15  g  of  o-carboxybenzylmalonlc 
acid  was  obtained  In  the  form  of  colorless  needles  with  a  m.  p.  of  170-174*  (from  water;  with  decomp.). 

Found  %:  €55.31;  H  4.51.  CnHioOg.  Calculated  C  55.46;  H  4.20. 

The  o-carboxyhydrocinnamlc  acid  formed  by  the  decarboxylation  of  the  hydrolysis  product  when  heated  to 
190*  showed  no  depression  of  the  melting  point  In  a  mixed  melt  with  o-carboxyhydroclnnamic  acid,  specially 
obtained. *••* 

The  condensation  ofo-aldehydebenzoic  and  opianlc  acids  with  barbituric  acid  In  water.  Equimolecular 
amounts  of  barbituric  acid  and  the  aldehydic  acid  were  dissolved  in  water  (0.8  molar  solution)  by  heating  in  a 
flask,  equipped  with  a  stirrer,  on  a  boiling  water  bath;  o-aldehydebenzoic  acid  was  then  added  to  the  solution 
in  small  quantities.  After  the  solution  had  been  heated  for  3  hrs  a  precipitate  of  o-carboxybenzalbarblturic  acid 
was  soon  precipitated;  this  was  purified  by  dissolving  In  a  solution  of  soda  and  was  recrystallized  from  water  after 
it  had  been  precipitated  from  the  acidified  soda  solution.  7.00  g  of  o-carboxybenzalbarbituric  acid  was  obtained 
from  5.00  g  of  o-aldehydebenzolc  acid  and  4.27  g  of  barbituric  acid.  3.60  g  of  o-carboxydimethoxybenzalbar- 
bituric  acid  was  obtained  in  the  form  of  colorless  crystals  with  a  m.  p.  of  258-259”  (from  water;  with  decomp.) 
from  2.00  g  of  opianlc  acid  and  2.19  g  of  barbituric  acid. 

Found  C  52.38,  52.45;  H  3.70,  3.80;  N  8.56,  8.60.  M  319.  CmHjPtNj.  Calculated  <7o:  C  52.50; 

H  3.75;  N  8.75.  M  320. 

The  condensation  of  the  Na  salts  of  both  the  o-aldehydic  acids  with  barbituric  acid  took  place  under  con¬ 
ditions  similar  to  those  for  the  condensation  of  the  acids  themselves.  The  condensation  products  remained  in  the 
aqueous  solution  and  were  precipitated  on  acidification.  8.80  g  of  o-carboxydimethoxybenzalbarbituric  acid 
was  formed  from  6.00  g  of  the  Na  salt  of  opianlc  acid.  This  acid  contains  1  mole  of  water  of  crystallization. 

Found  7o:  HjO  5.28.  CmHijOtNj  •  HjO.  Calculated  <7o:  HjO  5.32. 

The  percentage  Na  content  in  the  samples  of  the  Na  salts  of  both  acids  which  were  prepared  was  determined 
by  the  combustion  of  the  substance  in  the  crucible  In  the  presence  of  H2SO4  and  HNO3  [5J  and  the  gram-equiva¬ 
lent  of  the  acid  was  calculated  from  it. 

The  salts  of  both  derivatives  of  barbituric  acid  contain  1  mole  of  water  of  crystallization. 

•  To  determine  the  melting  point  the  capillary  containing  the  substance  was  lowered  Into  an  apparatus  heated 
to  237*. 

••  The  substance  was  first  dried  at  110-120*. 

•••  The  capillary  containing  the  substance  was  lowered  into  an  apparatus  heated  to  229*. 

••••  o-Carboxyclnnamic  add  was  prepared  by  Tltley’s  method  [6]  and  was  reduced  to  o-carboxyhydrocinnamlc 
acid. 
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found  HjO  5.79.  CuHjOgNjNa  •  HjO.  Calculated  H^O  6.00. 

found  <70;  Na  7.89;  g-equiv.  269.  CuH^OsNjNa.*  Calculated ‘7o:  Na  8.15;  g-equlv.  260. 

founder  Na  6.70;  g-equlv.  321.  Ci4Hii07N2Na.  Calculated  %:  Na  6.73;  g-equlv.  320. 

SUMMARY 

1.  It  was  shown  that  as  a  result  of  die  condensation  of  o-carboxybenzylldenemalonlc  ester  with  urea  In  the 
presence  of  sodium  alcoholate  the  main  product  obtained  Is  o-carboxybenzalbarblturlc  acid  with  a  yield  of  45- 
50<7o,  calculated  on  the  Initial  ester.  The  structure  of  this  compound  was  established. 

2.  A  simpler  method  of  synthesizing  o-carboxy-  and  o-carboxydlmethoxybenzalbarblturlc  acids  by  the 
condensation  of  o-aldehydlc  acids  or  their  Na  salts  with  barbituric  acid  In  an  aqueous  medium  with  a  75-85% 
yield  was  found. 
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THE  SYNTHESIS  OF  SUBSTANCES  WITH  A  HYPOTENSIVE  ACTION  - 
DERIVATIVES  OF  QUATERNARY  AMMONIUM  BASES 

IV.  QUATERNARY  SALTS  OF  B -PHENYLISOPROPYLDIMETHYLAMINE 

I.  B.  Simon 


It  Is  known  that  the  conversion  of  the  secondary  amino  group  of  N-alkylphenylethylamlne  Into  a  tertiary 
group  and,  In  particular,  the  transition  to  a  quaternary  ammonium  salt  modifies  the  (^yslologlcal  properties  of 
the  amine  which  acts  as  a  depressant  Instead  of  a  stimulant  [1].  For  example,  according  to  the  data  of  Alles  [2] 
phenylethyltrlmethylammonlum  hydroxide  has  a  hypotensive  action.  N-Alkyl  derivatives  of  other  analogs  of 
phenylethylamlne  such  as,  for  example,  B  “(o-anlsyl)-propylmethylamlne,  or  "orthoxln"  [3],  B -(o-anlsyl)-lsopro- 
pyldlmelhylamlne  [3],  etc.  have  a  powerful  depressant  action.  It  was,  therefore,  of  Interest  to  determine  the  na¬ 
ture  of  the  Influence  on  the  physiological  activity  of  the  conversion  of  the  primary  amino  group  In  another  analog 
of  phenylethylamlne  —  B -phenyllsopropylamlne  (phenamine)  —  to  the  corresponding  quaternary  salts. 

For  this  purpose  the  quaternary  ammonium  salts  of  "phenamine*  were  synthesized  by  the  treatment  of  B- 
phenylisopropyldimethylamine  by  various  alkyl  halides. 


The  Properties  of  Quaternary  Ammonium  Salts  of  B -Hie  nyl  iso  propyl  amine 
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•  The  analyses  were  carried  out  In  the  microanalysis  laboratory  of  our  Institute. 
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A  list  of  the  quaternary  ammonium  salts  of  8 -phenyliso  propyl  amine  obtained  and  their  properties  Is  given 
In  the  table.  A  comparative  Investigation  of  the  hypotensive  properties  of  the  quaternary  ammonium  salts  of 
8 -phenylisopropylamlne  was  carried  out  In  tfie  School  of  Wiarmacology  of  the  Kharkov  Medical  Institute  (M.  S. 
Kharchenko)  In  acute  experiments  on  rabbits  and  cats.  From  the  table  It  is  seen  that  all  the  quaternary  ammonium 
salts  of  8  -phenylisopropylamlne  have  a  depressant  effect  which  Increases  with  Increasing  molecular  weight  of  the 
radical. 


EXPERIMENTAL 

8  -Fhenyllsopropyldlmethylamlne.  230  g  (5  moles)  of  90<7o  formic  acid  was  added  with  cooling  and  stirring 
to  135  g  (1  mole)  of  8 -phenylisopropylamlne  and  200  ml  (2.2  mole)  of  35%  formalin  was  then  added  gradually. 
The  mixture  was  heated  on  a  water  bath  for  18  hrs  and  when  It  had  cooled  100  ml  of  concentrated  hydrochloric 
acid  was  added.  The  excess  fiarmlc  acid  and  formaldehyde  were  distilled  until  V4  of  Ihe  contents  were  left  In 
the  distillation  flask.  The  residue  was  transferred  to  a  separating  funnel  and  200  ml  of  10%  caustic  soda  was  added 
with  cooling:  the  mixture  was  then  extracted  several  times  with  ether.  The  ethereal  extract  was  dried  over  alkali 
and  distilled.  The  residue  was  distilled  under  vacuum;  the  b.  p.  was  115-118“  (20  mm).  The  yield  was  120  g 
(70%).  The  m.  p.  of  the  hydrochloride  was  157-158“.  According  to  Woodroof’s  data  [3],  8 -phenyllsopropyldl- 
methylamlne  has  a  b.  p.  of  100“  (12  mm).  Its  hydrochloride  has  a  m.  p.  of  159-161“. 

The  quaternary  salts  of  8  -phenyllsopropyldlmethylamlne.  Equlmolecular  amounts  of  8 -phenyllsopropyl- 
dlmethylamlne  and  the  corresponding  alkyl  halide,  dissolved  In  a  small  amount  of  dry  benzene,  were  placed  In 
a  small  flask,  equipped  with  a  reflux  condenser.  The  mixture  was  heated  on  a  water  badi  for  3  hrs.  The  benzene 
was  distilled  and  the  precipitate  formed  was  recrystalllzed  from  anhydrous  alcohol  or  dry  acetone.  The  yield  of 
the  salts  was  60-85%.  They  were  all  readily  soluble  In  water,  alcohol  and  acetone  and  difficultly  soluble  In  ether, 
benzene,  xylene  and  petroleum  ether.  The  aqueous  solutions  had  a  neutral  reaction  to  litmus  and  were  stable  at 
100“. 


SUMMARY 

1.  8-rtienyl  Isopropyltrimethylammonlum  Iodide,  8 -phenyllsopropyldlmethylethylammonlum  iodide, 

8 -phenyl Isopropyldlmethylpropylammonlum  Iodide,  8 -phenyllsopropyldlmethylbutylammonlum  Iodide,  8 -phenyl- 
Isopropyldlmethylisobutylammonium  iodide,  8 -phenyllsopropyldlmethyllsoamylammonium  iodide,  8-phenyllso- 
propyldimethylcyclohexylammonlum  Iodide,  8 -phenyllsopropyldlmethylhexylammonlum  Iodide,  8 -phenyl-, 
Isopropyldimethylbenzylammonium  chloride  and  8  -phenyllsopropyldimethyllsopropylammonlum  iodide  were 
obtained  by  treating  8  -[^enyllsopropyldlmethylamlne  with  alkyl  halides. 

2.  All  the  quaternary  salts  obtained  have  a  depressant  effect  which  increases  with  Increasing  molecular 
weight  of  the  radical. 
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THE  REACTIVITY  OF  a  ,  3  -  U  N  S  A  T  U  R  A  T  E  D  KETONES  AND  B-KETONE 
HALIDES  IN  THE  KIZHNER  REACTION 


A.  P.  M  eshch  er  i  ako  V ,  L.  V.  Petrova,  and  lu.  P.  Egorov 


According  to  N.  M.  Kizhner  [1,  2],  a, 3 -unsaturated  ketones  of  the  type  R — C  —  C  =  C — C  and 

II  I 

O  C 

R — C — CH  =  C — C — C  give  pyrazoline  bases  with  hydrazine  which  decompose  during  slow  distillation  only  In 

II  I 

O  C 

the  presence  of  a  mixture  of  catalysts  (Pt  and  KOH),  liberating  nitrogen  and  forming  the  corresponding  cyclopro¬ 
pane  hydrocarbon.  It  is  not  necessary,  however,  to  observe  this  condition  in  all  instances  where  tfie  pyrazoline 
base  is  concerned.  For  example.  In  order  to  obtain  cyclopropane  hydrocarbons  the  decomposition  of  pyrazoline 
bases  was  later  [3]  carried  out  in  the  presence  of  KOH  only.  The  formation  of  a  cyclopropane  hydrocarbon  as  a 
result  of  the  decomposition  ofa  pyrazoline  base  during  heating  can,  however,  take  place  in  the  complete  absence 
of  catalysts  (both  Pt  and  KOH)  at  an  appropriate  temperature,  which  is  somewhat  higher  than  the  boiling  point  of 
the  pyrazoline  base. 


According  to  Kizhner  [4],  the  decomposition  of  the  alkylidene  hydrazine  under  the  influence  of  catalytic 
amounts  of  KOH  precedes  its  isomerization  to  the  unstable  tautomeric  form  which  decomposes  with  the  liberation 
of  nitrogen  in  a  similar  manner  to  aromatic  diazo  compounds. 


In  our  opinion  the  decomposition  of  the  pyrazoline  bases  can  evidently  take  place  via  a  stage  in  which  a 
biradical  is  formed,  the  latter  then  giving  rise  to  the  cyclopropane  hydrocarbon. 

CH2 

R— CH-CH,-C— R  R-GH-CHo-CH-R  +  N,  ^  R— CH^CHR -f  ICg 

I  I  I 

Nllr^:  _  N 


From  the  mixture  of  ketones:  4,6,6-trimethyl-3-hepten-2-one  and  4,4-dimethyl-3-isopropylidene-2-pen- 
tanone  we  obtained  for  the  first  time  a  mixture  of  3,5-dlmethyl-5-neopentyl-  and  3,5,5-trimethyl-4-tert- 
butylpyrazolines  which  on  distillation  at  atmospheric  pressure  without  a  catalyst  gave  a  mixture  of  two  isomers: 
l,3-dimethyl-3-neopentylcyclopropane  and  l,2,2-trimethyl-3-tert  -butylcyclopropane.  When  distilled  In  the 
presence  of  catalysts  (Pt  and  KOH)  these  pyrazoline  bases  form  a  different  mixture:  4,6,6-trimethyl-3-heptene 
and  l,2,2-trimethyl-3-tert  -butylcyclopropane  (with  a  predominance  of  the  alkene). 

We  explain  the  presence  of  an  alkene  in  this  mixture  by  the  fact  that  under  the  influence  of  KOH  and  Pt 
at  high  temperature  the  trimethylene  ring  of  l,3-dlmethyl-3-neopentylcyclopropane  is  broken  and  4,6,6-trimethyl 
3-heptene  is  formed. 


^o-C-CHj-C  ^  I  ^  HH- 

tl, 


H,C 


CH-CH, 


CHa  CHj 

,3  ,3 

H3C-C-CH2— C=CH— CHj— ''•<3 
CH3 
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In  addition  to  a,0 -unsaturated  ketones,  6 -chloroketones,  obtained  by  the  reaction  of  acid  chlorides  with 
alkenes,  may  be  used  successfully  for  obtaining  pyrazollne  bases  [5-7].  When  reacted  with  an  alcoholic  solution 
of  hydrazine  the  2-chloro-2-methyl-4-pentanone  and  2-chloro-2-methyl-4-undecanone,  which  we  synthesized 
by  the  catalytic  metfiod,  gave  5,5-dimethyl-3-pentylpyrazollne  and  5,5-dlmethyl-3-heptylpyrazollne.  The  reac¬ 
tion  takes  place  according  to  the  following  system: 

CM3  CII3 

I  C  H  OH  f 

II  c— C— CHo— C— H  f  2H2NNM2  — - ^  H3C-G-CH2-C-H  I  IloNNHo-HGl  +  HoO 

I  II  heating  |  |l 

Cl  O  HN - N 

R  =  n*c,Hii,  n 


On  slow  distillation  in  the  presence  of  Pt  or  KOH  tfie  above-mentioned  pyrazoline  bases  gave  1,1-dlmethyl- 
N-amylcyclopropane  and  1,1-dlmethyl-N-heptylcyclopropane.  When  these  pyrazoline  bases  were  heated  to  con¬ 
stant  boiling  at  atmospheric  pressure  in  the  presence  of  a  catalyst  the  same  hydrocarbons  were  formed. 

Since  the  pyrazoline  bases  which  we  investigated  have  relatively  high  boiling  points  (the  boiling  points  of 
these  compounds  at  atmospheric  pressure  are  above  200")  at  which  they  already  decompose  Into  nitrogen  and  a 
cyclopropane  hydrocarbon.  It  was  suggested  that  the  low-bolllng  pyrazoline  would  also  decompose  without  a 
catalyst  (Pt  and  KOH)  at  Increased  temperature,  with  the  formation  of  cyclopropane  hydrocarbons. 

We  carried  out  experiments  on  the  thermal  decomposition  of  3,5,5-ttlmethylpyrazollne  at  420-440*.  The 
data  of  the  gas  analysis  Indicated  that  when  the  base  decomposes,!  molecule  of  nitrogen  Is  liberated  from  1  mole¬ 
cule  of  the  latter  and  3  molecules  of  methane  are  formed;  In  addition,  a  mixture  of  alkenes.  In  which  tetramethyl- 
ethylene  predominates.  Is  formed.  On  the  basis  of  tiiese  data  It  may  be  assumed  that  the  decomposition  of  the 
pyrazoline  base  takes  place  according  to  the  following  system: 
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As  may  be  seen  from  the  system,  the  1,1 ,2- trim  ethy  Icy  do  pro  pane  formed  under  high-temperature  conditions  is 
mainly  demetfiylated  and  gives  methane  while  In  the  molecules  of  the  cyclopropane  hydrocarbon  (of  which  a 
small  amount  remains)  the  ring  Is  is  broken  and  a  mixture  of  alkenes  with  a  predominance  of  tetram  ethyl  ethyl¬ 
ene  Is  formed. 

In  addition  to  chemical  methods  we  used  the  combined  dispersion  spectrum  metliod  for  proving  the  struc¬ 
ture  of  the  cyclopropane  hydrocarbons  obtained. 

The  combined  dispersion  spectra  of  cyclopropane  compounds  are  still  Insufficiently  studied  [8-11].  In  the 
combined  dispersion  spectra  of  trimethylene  compounds  several  characteristic  frequencies  were,  however,  esta¬ 
blished  [12],  from  which  It  was  possible  to  judge  the  presence  of  a  three -membered  ring  In  these  compounds. 
Among  the  frequencies  of  this  type  there  are  frequencies  In  the  3000-3100  cm"^  region  which  correspond  to  the 
vibrations  of  the  C~H  bond  of  the  ring. 

Cyclopropane  and  its  mono-substltuted  derivatives  have  frequencies  of  1190  and  870  cm“^  which  correspond 
to  the  antlsymmetrlcal  and  symmetrical  vibrations  of  the  ring,  respectively.  There  are  3-4  frequencies  instead 
of  the  two  above-mentioned  frequencies  (1190  and  870  cm"*)  In  the  spectra  of  dlsubstltutcd  cyclopropanes. 
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Only  two  spectra  of  cyclopropane  compounds  with  a  quaternary  carbon  atom  are  given  In  the  literature, 

1.  e.,  1,1-dlmethylcyclopropane  and  1,1,2-trlmethylcyclopropane  [9,  10].  In  the  spectra  of  these  compounds 
there  are  also  lines  In  the  above-mentioned  regions,  Indicating  the  presence  of  a  three -m ember ed  ring.  In  addi¬ 
tion,  there  Is  also  a  fairly  Intense  line  with  a  frequency  of  ~  678  cm"^.  This  frequency  Is  evidently  characteristic 
for  a  gem -substituted  carbon  atom  in  the  ring  (average  frequency  706  cm"^  In  the  spectrum  of  1,1-dlmethylcyclo- 
hexane  [10]). 


EXPEI^IMENTA  L 

The  preparation  and  decomposition  of  3,5 -dim ethyl-5-neo pentyl-  and  3,5,5-trlmethyl-4-tert  -butylpyra- 
zollnes.  A  mixture  of  ketones  was  used  to  obtain  the  given  pyrazollnes:  4,6,6-trlmethyl-3-penten“2-one  and 
4,4-dlmethyl-3-isopropylidene-2-pentanone,  synthesized  from  Butlerov’s  dllsobutylene  (80%  2,2,4-trimethyl-4- 
pentene  and  20%  2,2,4-trlmethyl-3-pentene)  by  Kondakov’s  method  [5].  The  first  isomer  is  predominant  In  this 
mixture  of  ketones. 

B.  p.  65-68' (1-2  mm),  d/®  0.8419,  n^’D  1.4467,  MRjj  48.079;  calc.  47.927.  Found  %:  C  77.35;  H  11.57. 
CioHjgO.  Calculated  %:  C  77.71;  H  11.70. 

The  2,4-dlnitrophenylhydrazone  with  am.  p.  of  159-160"  (from  ethyl  alcohol)  was  obtained. 

Found  %:  N  16.77.  Ci6H2204N4.  Calculated  %:  N  16.76. 

The  pyrazollne  base  was  obtained  by  boiling  an  alcoholic  solution  of  the  hydrazine  hydrate  for  6  hrs  with 
an  alcoholic  solution  of  the  mixture  of  ketones  obtained.  41.0  g  (72.2%)  of  pyrazollne  base  was  obtained  from  61  g 
of  the  mixture  of  ketones  and  41  g  of  hydrazine  hydrate.  Taking  the  structure  of  the  Initial  ketones  Into  considera¬ 
tion  it  must  be  assumed  that  the  base  Is  a  mixture  of  3,5-dlmethyl-5-neopentyl-  and  3,5,5-trlmethyl-4-tert  - 
butylpyrazolines  with  a  predominance  of  the  first  Isomer. 

The  base  was  decomposed  in  a  small  copper  flask,  equipped  with  a  fir-tree  shaped  fractionating  column, 
connected  to  a  horizontal  condenser.  8-10  g  of  MOH,  a  catalytic  quantity  of  5%  platinum  on  charcoal  and  48  g 
of  the  mixture  of  isomeric  pyrazolines  were  placed  in  the  flask.  The  decomposition  products  were  distilled  at 
128-139".  The  hydrocarbons  were  separated  from  the  undecomposed  base  In  a  column  (with  an  efficiency  of  18 
theoretical  plates),  washed  free  from  traces  of  base  with  50%  CH3COOH,  then  washed  with  a  25%  NaOH  solution 
and  water,  dried  with  CaCl2  and  distilled  twice  over  Na  in  acolumn.  24  g  (50%)  of  a  mixture  of  hydrocarbons 
was  obtained. 

B.  p.  144-145",  d4^®  0.7496,  n^D  1.4243,  MRj)  47.48;  calc.  46.18.  The  exaltation  of  1.3  characterizes  the 
presence  of  one  double  bond. 

On  the  basis  of  an  analysis  of  the  combined  dispersion  spectrum  of  the  mixture  of  hydrocarbons  the  presence 
of  a  double  bond  (1663  cm"^)  and  a  small  amount  of  a  hydrocarbon  with  a  three-membered  ring  was  established. 

The  product  of  the  catalytic  decomposition  of  pyrazolines,  therefore,  consists  mainly  of  an  alkene  and  a 
small  amount  of  a  hydrocarbon  with  a  trimethylene  ring. 

The  structure  of  the  alkene  obtained  (2,2,4-trimethyl-4-heptene)  was  established  by  oxidizing  it  with  a  1% 
solution  of  KMn04.  The  following  oxidation  products  were  isolated. 

a)  Methyl  neopentyl  ketone  with  a  b.  p.  of  126-130".  Its  semlcarbazone  with  a  m.  p.  of  123-125"  was  ob¬ 
tained;  literature  data:  m.  p.  124"  [13]. 

Found  %:  N  24.83.  C8H17ON3.  Calculated  %:  N  24.56. 

b)  Propionic  acid  with  a  b.  p.  of  141-145".  It  was  Identified  from  its  acid  equivalent  by  titrating  with  0.1  N 
NaOH. 

Found:  equiv.  520.  C3H6O2.  Calculated;  equiv.  540. 

By  repeated  distillation  of  the  low-bolllng  fractions  of  the  oxidation  products  containing  ketone  It  was  pos¬ 
sible  to  isolate  a  cyclopropane  hydrocarbon. 

B.  p.  144-145",  d4“  0.7575,  n^’o  1.4250,  MRp  47.04;  calc.  46.18.  Exaltation  0.8  due  to  a  three-membered 
ring.  Found  %:  C  85.68;  H  14.33.  C10H20.  Calculated  %:  C  85.63;  H  14.37. 


2623 


Combined  dispersion  spectrum,*  Ay  cm"  :  220  (9),  320  (9),  463  (9),  636  (0),  702  (2),  720  (1),  767  (1), 

799  (1).  1109  (2).  1200  (0).  1409  (1),  1447  (1),  2868  (1),  2910  (5),  2921  (1),  2964  (1),  2995  (1). 

After  the  removal  of  the  alkene  (by  oxidation  with  a  l^o  solution  of  KMn04)  we  were,  therefore,  left  with 
only  l,2,2-trimethyl-3-tert  -butylcyclopropane. 

In  another  experiment  a  mixture  of  3,5-dlmethyl-5-neopentyl-  and  3,5,5-trlmethyl-4-tert  -butylpyrazo- 
llnes  was  distilled  at  atmospheric  pressure.  The  distillation  temperature  of  the  hydrocarbons  was  120-140”.  A 
hydrocarbon  was  Isolated  with  a  yield  of  lO^/o  after  the  mixture  had  been  distilled  twice  over  Na. 

B.  p.  144-145”,  d^^  0.7559,  n^D  1.4213,  MRq  46.94;  calc.  46.18.  The  exaltationofO.76  characterizes  a 
three-membered  ring.  ' 

Combined  dispersion  spectrum.  Ay  cm"^  528  (lb),  688  (0),  714  (4),  748  (3b),  775  (2b),  825  (0),  853  (1), 

884  (1),  910  (1),  933  (2),  980  (0),  1098  (3b),  1162  (0),  1202  (2),  1245  (3b),  1366  (1),  1392  (0),  1445  (4b),  1461  (1), 
1642  (0),  1662  (0),  2870  (5b),  2902  (3b),  2956  (8b),  2988  (2). 

In  addition  to  the  frequencies  characteristic  for  a  gem -substituted  three-membered  ring  (714  and  2988  cm"^) 
frequencies  of  the  C  =  C  bonds  (1642  and  1662  cm"^)  were  detected.  The  Intensity  of  these  lines  denotes  only  a 
small  admixture  of  alkenes. 

We  also  carried  out  observations  on  the  stability  of  a  mixture  of  bases  at  room  temperature  in  the  presence 
of  KOH,  KjCOs,  AI2O3  and  Ba(OH)2  over  a  period  of  3  days.  When  allowed  to  stand  in  light  these  bases  decom¬ 
pose  appreciably  in  the  presence  of  KOH  and  KjCOs  from  the  first  moment  of  contact  (liberation  of  nitrogen).  In 
the  presence  of  AI2O3  and  Ba(OH)2  the  decomposition  process  is  very  sluggish. 

The  synthesis  of  2-chloro-2-methyl-4-nonanone.  To  obtain  l,l-dimethyl-2-pentylcyclopropane  we  syn¬ 
thesized  2-chloro-2-methyl-4-nonanone  from  capronyl  chloride  and  isobutylene  in  the  presence  of  10%  ZnCl2. 

The  capronyl  chloride  had  the  following  properties:  b.  p.  65-70”  (45-50  mm),  d^^  1.0416  (literature  data:  b.  p. 
150-153”  [14]).  The  synthesis  of  2-chloro-2-methyl-4-nonanone  was  carried  out  In  a  metal  boat  at  room  tem¬ 
perature  with  constant  shaking  on  a  rocker  for  18  hrs.  The  isobutylene  was  added  to  the  boat  In  liquid  form. 

238  g  (97.5%)  of  crude  2-chloro-2-mediyl-4-nonanone  was  obtained  from  172  g  of  the  acyl  chloride  and  120  g 
of  Isobutylene.  Two  fractions  were  obtained  by  distilling  it  under  vacuum;  1st  fraction,  b.  p.  78-90”  (2  mm), 
d**®  0.8896,  n“D  1.4480,  58  g;  2nd,  b.  p.  90-95”  (2  mm),  d4“  0.8782,  n^D  1.4538,  62.5  g. 

Since,  as  was  repeatedly  noted,  HCl  Is  split  off  during  the  process  of  distillation  of  the  chloroketone,  the 
1st  fraction,  which  consisted  mainly  of  an  unsaturated  ketone  with  the  composition  CjoHigO,  contained  2-chloro- 
2-methyl-4-nonanone  as  an  admixture.  The  2nd  fraction  was  mainly  2-chloro-2-methyl-4-nonane. 

To  obtain  2-melhyl-2-nonen-4-one  in  the  pure  form  the  1st  fraction  was  treated  with  a  saturated  solution 
of  K2CO3  by  boiling  on  a  water  bath  for  6  hrs.  Since  the  ketone  still  contained  traces  of  chlorine  it  was  washed 
with  a  saturated  solution  of  soda,  then  with  water  and  was  finally  dried  with  CaCl2.  A  62.6%  yield  of  2-methyl- 
2-nonen-4-one  was  obtained  by  distillation. 

B.  p.  205-207”,  d4“  0.8524,  n^'D  1.4522,  MRj)  48.57;  calc.  47.92.  Found  %:  C  76.90;  H  11.61.  CjoHigO. 
Calculated  %:  C  77.90;  H  11.68.  (The  discrepancy  in  the  analysis  evidently  results  from  the  residual  traces  of 
chlorine.) 

The  semlcarbazone  of  2-methyl-2-nonen-4-one  with  a  m.  p.  of  79-80”  (from  50%  C2H5OH)  was  obtained. 

Found  %:  N  21.12.  CnH2iON3.  Calculated  %:  N  21.32. 

The  preparation  of  3-pentyl-5,5-dlmethylpyrazollne.  31  g  of  2-chloro-2-methyl-4-nonanone  and  an  alco¬ 
holic  solution  containing  8.2  g  of  hydrazine  hydrate  were  taken  for  the  reaction.  When  they  were  mixed  heat 
was  evolved  and  the  temperature  rose  to  60-65*.  The  mixture  was  subsequently  boiled  with  constant  stirring  for 
6  hrs.  After  the  alcohol  and  unreacted  hydrazine  hydrate  had  been  distilled  off  the  reaction  product  was  dried 
with  KOH  and  distilled.  The  yield  of  3-pentyl-5,5-dlmethylpyrazollne  was  97.4%. 

B.  p.  215-220”  (765  mm),  d4*“  0.8797,  n*®D  1.4580,  MRp  51.57;  calc.  51.35. 

The  catalytic  decomposition  of  3-pentyl-5,5-dlmethylpyrazollne.  As  Indicated  above,  the  decomposition 
of  the  pyrazollne  base(26.5)  was  carried  out  in  the  presence  of  10  g  of  KOH  and  a  catalytic  quantity  of  5%  platinum 
•  The  spectrum  of  this  compound  Is  Incomplete. 
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on  charcoal.  The  hydrocarbon  was  distilled  at  128-170*,  washed  with  50%  CH3COOH  (to  remove  traces  of  base), 
neutralized  with  a  25%  NaOH  solution,  washed  with  water  and  dried  with  CaCl2.  A  66.0%  yield  of  1,1-dlmethyl- 
2-N-pentylcyclopropane  was  obtained  by  distilling  the  treated  hydrocarbon  twice  over  Na  in  a  column  with  an 
efficiency  of  18  theoretical  plates. 

B.  p.  156.5-157“  (740  mm),  d4“  0.7520,  n^D  1.4205,  MRq  47.06;  calc.  46.18.  Exaltation  due  to  a  three- 
membered  ring  0.88.  Found  %:  C  85.62;  H  14.50.  CioH2o.  Calculated  %:  C  85.63;  H  14.37. 

Combined  dispersion  spectrum.  Ay  cm"^:  371  (2),  687  (8),  756  (0),  790  (0),  866  (2),  905  (0),  960  (0), 

1025  (1),  1076  (0),  1112  (3b),  1130  (3),  1178  (1),  1224  (1),  1307  (7),  1397  (2),  1440  (10),  1450  (9),  1460  (9), 

2852  (1),  2892  (3),  2937  (4),  2990)  (4). 

We  obtained  the  same  hydrocarbon  by  the  slow  distillation  of  3-pentyl-5,5-dimethylpyrazoline. 

B.  p.  156-157",  d4*‘’  0.7514,  n^’D  1.4205,  MRq  47.16;  calc.  46.18. 

The  synthesis  of  2-chloro-2-methyl-4-undecanone.  The  synthesis  was  carried  out  under  conditions  similar 
to  those  for  the  synthesis  of  2-chloro-2-methyl-4-nonanone  (see  above)  from  capryl  chloride  and  isobutylene. 

The  boiling  point  of  the  capryl  chloride  was  85-95“  (10  mm);  literature  data:  b.  p.  194-195“  [15].  292  g  (97.7%) 
of  2-chloro-2-methyl-4-undecanone  was  obtained  from  222  g  of  capryl  chloride  and  77  g  of  isobutylene.  152  g 
of  the  chloroketone  was  distilled  under  vacuum;  two  fractions  were  isolated:  1st,  b.  p.  87-110“  (1  mm),  40  g; 

2nd,  b.  p.  100-115“  (1  mm)  62  g. 

The  2nd  fraction  was  2-chloro-2-methyl-4-undecanone,  C12H23OCI,  d4^  0.8861,  n^’D  1.4581. 

The  1st  fraction  which  consisted  mainly  of  the  ketone  C12H22O  contained  an  admixture  of  dte  chloroketone 
C12H23OCI.  The  ketone  Ci2H220  was  obtained  with  a  yield  of  55%  by  boiling  the  1st  fraction  with  a  saturated  solu¬ 
tion  of  K2CO3. 

B.  p.  230-235“,  d4^'’  0.8495,  n^’D  1.4510,  MRq  57.68;  calc.  57.16.  Found  %:  C  78.10;  H  11.95.  C12H22O. 
Calculated  %:  C  77.94;  H  12.08. 

The  semicarbazone  witii  a  m.  p.  of  94-95“  (from  C2H5OH)  was  obtained. 

Found  %;  N  17.68.  C13H25ON3.  Calculated  %:  N  17.55. 

The  preparation  of  3-heptyl-5,5-dimethylpyrazoline.  The  reaction  was  carried  out  under  the  conditions 
described  above,  70  g  of  2-chloro-2-metIiyl-4-undecanone  in  40  ml  of  C2H5OH  and  24  g  of  hydrazine  hydrate  in 
40  ml  of  C2H5OH  were  taken.  The  reaction  product  was  treated  in  the  same  way  as  in  the  previous  experiments. 

44  g  (70%)  of  3-heptyl-5,5-dimethylpyrazoline  was  obtained  by  distillation.  On  standing,  the  pyrazoline  decom¬ 
posed  with  the  evolution  of  nitrogen. 

B.  p.  118-122“  (1  mm),  (1^^°  0.7803,  n^^D  1.4613,  MRd  61.776;  calc.  61.694. 

The  catalytic  decomposition  of  3-heptyl-5,5-dimethylpyrazoline.  The  decomposition  was  carried  out  in 
a  small  copper  flask  in  the  presence  of  dry  KOH  and  traces  of  5%  platinum  on  charcoal.  44  g  of  pyrazoline  was 
used  for  the  decomposition.  The  hydrocarbon  distilled  at  172-205°.  The  decomposition  product  of  the  base  was 
treated  in  a  similar  manner  to  the  previous  experiments.  14.5  g  (66.8%)  of  l,l-dimethyl-2-heptylcyclopropane 
was  obtained. 

B.  p.  200-201“,  d4*'’  0.7675,  n^D  1.4278,  MR^  56.06;  calc.  55.41.  The  exaltation  of  0,65  characterizes 
the  presence  of  a  three-membered  ring  in  the  hydrocarbon. 

The  analysis  of  the  combined  dispersion  spectrum  of  the  hydrocarbon  indicated  the  presence  of  95%  of  a 
hydrocarbon  with  a  three-membered  ring  and  approximately  5%  alkene.  The  alkene  was  removed  by  oxidizing 
the  hydrocarbon  with  a  1%  solution  of  KMn04;  l,l-dimethyl-2-N-heptylcyclopropane  remained. 

B.  p.  200-201“,  d4“,  0.7681,  n*°D  1.4285,  MR^  56.14;  calc.  55.41.  The  exaltation  of  0.73  characterizes 
the  presence  of  a  three-membered  ring.  Found  %:  C  85.60;  H  14.42.  C|2H2j.  Calculated  %:  C  85.63;  H  14.37. 

Combined  dispersion  spectrum.  Ay  cm“^:  367  (3),  585  (0),  627  (1),  683  (10),  768  (0),  864  (3),  893  (2),  952 
(2),  1000  (1),  1027  (1),  1075  (2),  1112  (2),  1128  (3),  1244  (1),  1300  (10),  1390  (2),  1430  (10),  1440  (9),  1450  (9), 
2850  (6),  2890  (4),  2934  (3),  2985  (5). 
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When  3“heptyl-5,5-dimethylpyrazoline  Is  distilled  In  the  absence  of  KOH  and  Pt  a  69.3%  yield  of  1,1-dl- 
methylheptylcyclopropane  Is  obtained:  it  has  the  same  constants  as  the  hydrocarbon  obtained  by  the  catalytic 
decomposition  of  3-heptyl-5,5“dimethylpyr azoline. 

The  preparation  of  3,5,5-trlmetiiylpyrazollne.  3,5,5-Trlmethylpyrazoline  was  obtained  from  mesityl  oxide 
and  hydrazine  hydrate. 

B.  p.  157-159’,  d4*®  0.9002,  n“D  1.4570, MR^  33.50;  calc.  33.80.  Literature  data;  b.  p.  160.5*  (764  mm), 
d4“  0.8997,  n“D  1.4566  [2]. 

The  thermal  decomposition  of  3,5,5-trimethylpyrazoline.  The  decomposition  was  carried  out  in  a  catalytic 
horizontal  oven  filled  with  glass  wool  (25-50  cc).  The  pyrazoline  base  was  fed  to  the  oven  from  an  automatic 
buret  with  a  volumetric  rate  of  0.4.  The  liquid  decomposition  product  was  collected  in  a  receiver  cooled  with 
ice  and  salt;  the  waste  gas  was  collected  in  a  gas  holder.  It  was  established  that  the  base  only  begins  to  decom¬ 
pose  at  340*,  which  is  observable  by  the  liberation  of  gas;  intense  decomposition  takes  place  at  420-440*.  44  ml 
of  base  was  passed  through  in  5  hrs;  41  ml  was  recovered.  1.5  ml  of  condensate  was  obtained  from  two  experi¬ 
ments.  2.5  liters  of  gas  was  obtained.  The  condensate  (1  ml)  which  was  evidently  a  mixture  of  2,3-dlmethyl-2- 
butene  and  2,3-dimethyl-l-butene  was  washed  with  50%  CH3COOH,  a  25%  NaOH  solution  and  water,  dried  with 
CaCl2  and  distilled. 

B.  p.  56.70*,  d4*®  0.7057,  n^D  1.4060,  MRq  29.27;  calc.  29.44.  Literature  data:  2,3-dlmethyl-l-butene, 
b.  p.  58*;  2,3-dimethyl-2-butene,  b.  p.  71-73*  [16]. 

When  the  56-70*  fraction  was  brominated  crystals  of  tetramethylethylene  dibromide  were  obtained. 

Analysis  of  the  gas  (in  %);  unsaturated  hydrocarbons  1.9,  ethylene  0.00,  hydrogen  0.54,  methane  71.50, 
nitrogen  26.06. 

In  conclusion,  a  number  of  observations  may  be  made  regarding  the  combined  dispersion  spectra  which 
confirm  the  cyclic  structure  of  the  above-described  hydrocarbons  (I)-(III). 


CHas^^^GHa 

HC^CH— GHa  llgG^GH— (GHa)*— GHa  HaG^GH— (GHgle-GHa 

I 

Clla— G— GHa 
i 

GHa  (I)  (II)  (III) 

Lines  in  the  3000  cm"^  region,  characteristic  of  CH  and  CHj  groups  in  a  three-membered  ring,  are  con¬ 
tained  in  these  spectra.  In  addition,  in  the  spectra  of  hydrocarbons  (II)  and  (IE)  two  frequencies  (1112  and  1130 
cm“^)  are  observed  which  are  found  in  the  spectrum  of  1,1,2-trimethylcyclopropane  and  probably  belong  to  the 
frequencies  of  a  ring  somewhat  reduced  (in  comparison  with  1200  cm"^)  as  a  result  of  the  presence  of  substituents. 
Only  the  frequency  1109  cm"^  was  definitely  found  in  the  spectrum  of  hydrocarbon  (I).  In  the  spectra  of  hydro¬ 
carbons  (II)  and  (III)  the  frequency  1305  cm"^  which  belongs  to  the  CHj  group  of  an  aliphatic  chain  is  also  found. 
As  in  the  spectrum  of  1,1,2-trimethylcyclopropane,  Intense  lines  in  the  680-700  cm”^  region,  due  to  the  presence 
of  a  gem-substituted  carbon  atom,  are  found  in  die  spectra  of  these  hydrocarbons. 

The  authors  wish  to  express  dieir  thanks  to  V.  P.  Kuznetsov  who  took  part  in  the  investigation  of  the  com¬ 
bined  dispersion  spectra. 


SUMMARY 

1.  The  pyrazoline  bases  3-N-pentyl-5,5-dlmethyl-  and  3-N-heptyl-5,5-dimethylpyrazollnes,  which  when 
distilled  at  atmospheric  pressure  decompose  with  the  liberation  of  nitrogen  and  cyclopropane  hydrocarbons,  were 
obtained  for  the  first  time  from  0-chloroketones.  It  was  established  that  bases  containing  alkyl  groups  of  normal 
structure  in  the  molecule  decompose  far  more  readily  than  bases  having  branched  alkyl  groups. 
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2.  l,l-Dlme1hyl-2-N-pentylcyclopropane,  l,l-dlmethyl-2-N-heptylcyclopropane  and  a  mixture  of  1,3- 
dlmethyl-3-neopentylcyclopropane  and  l,2,2-trlmethyl-3-tert  -butylcyclopropane  were  obtained  for  the  first 
time. 

3.  The  combined  dispersion  spectra  of  gem -substituted  cyclopropane  hydrocarbons  were  obtained  and  their 
characteristic  frequencies  were  Indicated. 
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THE  INVESTIGATION  OF  TRITERPENES 
II.  THE  STRUCTURE  OF  ZEORIN 

A.  A.  Riablnin  and  L.  G.  Matlukhlna 


We  established  [1]  that  the  triterpene  alcohol  zeorin  with  the  composition  C30H52O2  (I,  R  =  H)  has  an  iso¬ 
propyl  group  adjoining  the  X  ring  and  combined  with  a  tertiary  hydroxyl  group.  The  other  hydroxyl  group,which 
has  a  secondary  character ,1s  located  in  one  of  the  slx-membered  Y  rings  [2].  When  zeorin  is  oxidized  with  chro¬ 
mic  acid,  acetone  and  a  diketo  acid  C27H42O4  are  formed;  this  can  be  reprepresented  by  one  of  two  systems: 

(I,  R  =  H)—»  (II)  or  (I,  R  ^  H)  (III). 


If  the  reaction  takes  place  according  to  the  latter  system  the  oxidation  of  zeorin  monoacetate  (I,  R  =  CH3CO) 
should  lead  to  the  formation  of  an  acetoxyketo  acid  (IV,  R  =  CH3CO)  which  after  saponfication  and  further  oxida¬ 
tion  witfi  chromic  acid  would  be  converted  to  a  diketo  acid  (IE).  The  experiment  we  carried  out  gave  precisely 
these  results.  The  carboxy  and,  therefore,  the  second  ketone  group  of  ^e  diketo  acid  are,  in  consequence,  formed 
by  tile  decomposition  of  the  X  ring. 

When  the  diketo  acid  (III)  is  reduced  with  sodium  in  isobutyl  alcohol  the  dihydroxy  acid  (V)  is  formed  which 
Is  converted  to  tiieoxylactone  (VI),  even  during  the  process  of  formation.  This  oxylactone  Is  readily  oxidized 
by  chromic  acid  to  the  ketolactone  (VII).  Both  lactones  are  slowly  saponified  by  the  titration  of  their  solutions 
in  dloxane  wltii  caustic  potash  at  100*.  The  potassium  salt  obtained  from  tiie  ketolactone  was  converted  to  the 
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crystalline  silver  salt.  The  hydroxyketo  acid  (IV,  R  =  H)  does  not  form  a  lactone  even  when  acted  on  by  a  solu¬ 
tion  of  sulfuric  acid.  It  must,  therefore,  be  assumed  that  the  hydroxyl  located  at  the  point  of  rupture  of  the  ring 
X  takes  part  in  the  formation  of  the  lactone  ring.  Zeorin,  which  is  a  saturated  pentacyclic  triterpene  C30H52O2 
and  has  a  side  chain  of  three  carbon  atoms,  must  be  formed  of  four  six-membered  and  one  five-membered  ring. 
Comparing  this  fact  with  the  readiness  with  which  the  dihydroxy  acid  (V)  forms  a  lactone  we  may  assume  that 
the  X  ring  in  the  zeorin  molecule  must  be  a  five-membered  one,  while  the  ring  in  the  lactone  molecule  must 
be  six-membered.  The  isopropyl  group  must  be  connected  to  the  X  ring  in  the  a-position  with  respect  to  the 
connecting  point  of  the  rings,  which  is  the  usual  structure  in  triterpene  compounds  of  the  lupane  group. 

The  structure  of  the  diketo  acid  and  the  lactones  was  confirmed  by  a  spectroscopic  investigation.  Two  ab¬ 
sorption  maxima,  at  1700  and  1725  cm"^,  were  discovered  in  the  infrared  spectrum  of  the  methyl  ester  of  the 
diketo  acid  (III).  The  first  maximum  corresponds  to  the  keto  group  in  the  six-membered  ring,  the  second  maxi¬ 
mum  corresponds  to  the  carbonyl  of  the  ester  group.  The  spectrum  of  the  hydroxylacetone  (VI)  in  the  region  of 
the  carbonyl  groups  has  only  one  absorption  maximum  corresponding  to  the  carbonyl  group  in  the  six-membered 
ring  of  the  lactone.  In  addition,  it  has  a  maximum  at  3475  cm"^,  absent  in  the  spectrum  of  the  two  other  sub¬ 
stances;  this  indicates  the  development  of  a  hydroxyl  group  which  takes  part  in  the  formation  of  an  intramolecular 
hydrogen  bond.  Two  maxima  (at  1694  and  1743  cm“^),  associated  with  the  keto  group  and  the  carbonyl  group  of 
the  lactone  ring,  respectively,*  are  again  found  in  the  ketolactone  (VII).  The  character  of  the  keto  groups  agrees 
with  the  structure  we  assumed  for  the  Investigated  compounds.  The  keto  group  located  in  the  ring  Y  is  inactive 
in  zeorinone  and  does  not  condense  with  semicarbazlde  [2];  the  diketo  acid  forms  a  monosemlcarbazone  p.]  and 
the  ketolactone  does  not  give  a  condensation  product  with  semicarbazlde. 

Investigating  the  crystalline  ozonide,  previously  obtained  [1],  we  established  that  as  a  result  of  catalytic 
hydrogenation  it  is  converted  to  the  dlketone  C32H52O4.  This  determines  the  tertiary-tertiary  character  of  the 
double  bond  of  zeorlnine. 

By  dehydrating  zeorin  in  acetic  acid  solution  in  the  presence  of  5%  sulfuric  acid  we  obtained  two  diene 
hydrocarbons;  it  was  not  possible  to  identify  these  substances  with  known  compounds. 

EXPERIMENTAL 

1.  Oxidation  of  zeorin  monoacetate  (I,  R  =  CH3CO).  8.54  g  of  zeorin  monoacetate  in  150  ml  of  acetic 
acid  was  oxidized  at  42-44”  with  chromic  acid  obtained  from  7.2  g  of  chromic  anhydride.  The  solution  was 
diluted  with  water,  acidified  with  hydrochloric  acid  and  the  reaction  products  were  extracted  with  ether.  The 
ethereal  solution  was  washed  with  water,  the  acid  (IV,  R  =  CH3CO)  was  extracted  with  a  solution  of  potash,  pre¬ 
cipitated  with  hydrochloric  acid  and  saponified  by  boiling  in  a  25%  methanol  solution  of  caustic  potash.  As  a 
result,  4.0  g  of  an  indistinctly  crystalline  hydroxyketo  acid  (IV,  R  =  H)  was  obtained.  1  g  of  this  acid  was  oxidized 
in  an  acetic  acid  solution  of  1  equiv.  of  chromic  acid  and  the  diketo  acid  (III)  which  melted  at  244.5-245.5“ 

(corr.)  after  recrystallization  was  obtained;  the  melting  point  of  the  methyl  ester  was  145.5-146.5*  (corr.).  The 
substances  were  identified  by  mixed  melts  with  the  corresponding  compounds  obtained  previously  [1].  The  hydroxy 
keto  acid  (IV,  R  =  H)  did  not  form  a  lactone  when  its  solution  was  heated  in  acetic  acid  containing  3%  sulfuric 
acid  for  40  min  at  80*. 

2.  Hydroxylactone  (VI).  A  solution  of  8.95  g  of  diketo  acid  in  boiling  Isobutyl  alcohol  was  treated  with 
sodium.  The  reaction  mixture  was  washed  with  water  and  shaken  with  sulfuric  acid  after  which  crystallization 

of  the  hydroxylactone  in  the  alcoholic  layer  commenced.  The  yield  of  the  product  was  5.5  g.  After  recrystalllza- 
tlon  from  dioxane  the  m.  p.  was  230-231“  (corr.). 

Found  %:  C  78.14,  78.19;  H  10.78,  10.95.  027^4403.  Calculated  %  :  C  77.83;  H  10.64. 

3.  The  ketolactone  (VII).  4  g  of  the  hydroxylactone  was  suspended  in  400  ml  of  acetic  acid  and  was  oxi¬ 
dized  at  room  temperature  with  chromic  acid  prepared  from  1  g  of  anhydride.  2.5  g  of  ketolactone  was  obtained. 
After  recrystallization  from  dioxane  it  was  in  the  form  of  needles  with  a  m.  p.  of  361.5*  (corr.).  A  mixture  with 
the  hydroxylactone  melted  at  305-310*. 

Found  %:  C  77.84,  77.85;  H  10.50,  10.54.  C27H42O3.  Calculated  %:  C  78.21;  H  10.21. 


•  All  the  substances  were  Investigated  in  the  form  of  suspensions  in  vaseline  oil. 
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After  the  solution  of  the  ketolactone  and  semlcarbazide  hydrochloride  in  pyridine  had  been  allowed  to 
stand  for  several  days  the  initial  substance  was  obtained.  In  a  boiling  dioxane  solution  die  lactone  slowly  saponi¬ 
fies  during  titration  with  caustic  potash.  When  a  solution  of  the  potassium  salt  obtained  was  mixed  with  an  aqueous 
dioxane  solution  of  silver  nitrate  the  crystalline  silver  salt  was  precipitated. 

Found  %:  Ag  20.16,  20.13.  C^H4304Ag.  Calculated  Ag  19.63. 

4.  Acetoxydiketone.  3.20  g  of  the  ozonlde  ofacetylzeorlne  was  hydrogenated  In  an  ethereal  solution  witii 
palladinized  barium  sulfate.  3.02  g  of  a  crystalline  substance  was  obtained.  After  several  recrystallizations 
from  alcohol  it  melted  at  123-124“  (corr.). 

Founder  C  76.98,  76.80;  H  10.65,  10.61.  C32H52O4.  Calculated  C  76.75;  H  10.47. 

The  dlketone  is  not  oxidized  when  acted  on  by  chromic  acid  In  acetic  acid  solution  at  room  temperature  for 
several  hours.  It  forms  a  dlsemlcarbazone  with  a  m.  p.  of  220“  (corr.). 

Found  N  13.67,  13.72.  C34H5,04N6  .  Calculated  N  13.67. 

5.  Diene  hydrocarbons.  14.7  g  of  zeorln  was  heated  at  100”  in  300  ml  of  acetic  acid, containing  5  ml  of 
sulfuric  acid,  for  50  min.  After  die  mixture  had  cooled,  7.7  g  of  a  felt-like  mass  of  fine  needles  was  filtered. 

After  recrystallization  from  acetone  or  acetic  acid  the  substance  melted  at  181-182“  (corr.),  [a]D47.6“(c  4.22). 


Found  %:  C  87.95,  87.92;  H  12.24,  12.26.  CgoFU*.  Calculated  C  88.16;  H  11.84. 

The  tarry  mass  which  precipitated  out  when  the  acetic  acid  mother  liquor  was  diluted  with  water  was  chro¬ 
matographed  from  petroleum  ether  on  aluminum  oxide;  a  hydrocarbon  with  a  m.  p.  of  137-143“  was  obtained. 
The  substance  remained  unchanged  with  repeated  chromatography  and  recrystalllzatlon. 

Found  C  87.87,  87.85;  H  11.77,  11.76.  C3oIl48.  Calculated  %;  C  88.16;  H  11.84. 

It  should  be  noted  that  the  analysis  of  some  of  the  compounds  obtained  from  zeorln  by  various  authors,  in¬ 
cluding  those  we  obtained  in  this  work,  leads  to  the  formula  C30H5QO2  for  zeorln.  The  analysis  of  the  great  major¬ 
ity  of  compounds,  however,  agrees  with  the  formula  C3oH5202.  We  carried  out  numerous  analyses  of  zeorln,  puri¬ 
fied  by  various  methods,  and  confirmed  the  latter  formula.  In  giving  the  results  of  the  analyses  of  the  substances 
investigated  by  us,  we  therefore  compare  them  with  the  theoretical  results  on  the  basis  of  this  formula. 

SUMMARY 

1.  It  was  established  that  the  trlterpene  alcohol  zeorln  has  a  five-membered  ring  to  which  an  isopropyl 
group  is  joined  in  the  a-position  wltfi  respect  to  the  connecting  point  of  the  ring  and  the  neighboring  ring.  This 
structure  is  found  in  derivatives  of  lupane.  The  formation  of  the  previously-described  dlketo  acid  takes  place  by 
the  rupture  of  this  five-membered  ring. 

2.  By  splitting  the  ozonlde  of  acetylzeorlnlne  a  ketone  was  obtained,  Indicating  the  tertiary-tertiary  charac 
ter  of  the  double  bond  of  zeorlnlne. 

3.  By  dehydrating  zeorln,  two  diene  hydrocarbons  distinct  from  the  Initial  substances  were  obtained. 
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THE  CONDENSATION  PRODUCTS  OF  L-EPHEDRINE  AND 


D- PSEUDOEPHEDRINE  WITH  ACETONE 

L.  G.  Matsova  and  A.  S.  Labenskli 


As  is  known,  amlnoethanols  react  with  aldehydes  and  ketones  forming  condensation  products  which  are  deriva¬ 
tives  of  oxazolidines  [1].  In  the  case  of  ephedrine  and  pseudoejrfiedrine  only  condensation  products  of  these  alka¬ 
loids  with  benzaldehyde  are  known  [2]. 

Working  with  D-pseudoephedrlne  we  found  that  the  mother  liquor  obtained  In  the  recrystallization  of  D- 
pseudoephedrine  from  acetone  contains  an  unknown  substance.  We  isolated  the  latter  and  characterized  It.  The 
compound  obtained  was  a  colorless  oily  product  which  readily  distills  under  vacuum.  The  salts  of  this  substance 
were  also  prepared  and  characterized.  We  then  obtained  the  same  substance  by  boiling  D-ephedrlne  with  acetone. 

It  was  found  that  the  presence  of  alkaline  activated  charcoal  appreciably  accelerates  the  reaction. 

On  the  basis  of  the  method  of  preparation  of  the  substance  and  also  from  the  established  elementary  composi¬ 
tion  and  the  determination  of  the  molecular  weight  of  the  hydrochloride  of  the  substance  it  may  be  assumed  tfiat 
the  substance  is  an  oxazolidine  derivative  formed  by  the  condensation  of  D-pseudoephedrine  with  acetone. 


Ull-(’.ll— (111.. 


:)ll  MIOII 


CIl— Gil— Cllg 

:  (Gil 3), GO  i  I  +II2O 

0  N— GII3 

\g 

(1113  Gil., 


All  the  data  we  obtained  confirmed  this  assumption.  For  instance,  as  a  result  of  tlie  acid  hydrolysis  of  the 
compound  obtained,  D-pseudoephedrine  was  isolated.  This  fact  agrees  witii  previous  information  (1 ,  3],  according 
to  which,  as  a  result  of  similar  hydrolysis,  oxazolidine  derivatives  readily  split  up  witli  the  formation  of  the  corre¬ 
sponding  aminoethanols. 

The  investigation  of  the  infrared  spectrum  of  the  substance  showed  the  absence  of  an  absorption  maximum 
in  the  3520-3110  cm“^  region,  characteristic  of  a  hydroxyl  group,  and  also  in  the  3500-3100  cm“^  and  15'80-1510 
cm”^  regions,  characteristic  of  a  secondary  amino  group.  The  infrared  spectrum  of  D-pseudoep^edrine  has  a  cor¬ 
responding  absorption  maximum. 

The  determination  of  the  value  of  the  molecular  refraction  also  confirmed  the  above-mentioned  assumption 
regarding  tlie  structure  of  the  substance  obtained,  which  in  accordance  with  the  work  of  Huckel  [4]  and  Close  [5] 
can  be  determined  as  D-trans-2,2,3,4-tetramethyl-5-phenyloxazolidine. 

In  view  of  the  fact  that  certain  compounds  of  similar  structure  possess  physiological  activity  [6],  the  hydro¬ 
chloride  of  the  compound  we  obtained  was  subjected  to  a  corresponding  investigation.  It  was  found  that  this  com¬ 
pound  has  weak  adrenomlmetric  and  spasmolytic  effects  compared  with  already-known  remedies.* 

By  analogy  with  the  above-mentioned  reaction  we  condensed  L-ephedrine  with  acetone.  The  mixture  was 
boiled  until  a  constant  angle  of  rotation  of  the  reaction  mass  was  obtained.  As  a  result  of  the  reaction  we  obtained 


•  The  pharmacological  investigation  of  the  substance  was  carried  out  by  lu.  I.  Syrneva. 
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an  oily  substance  which  distilled  under  vacuum.  The  substance  became  crystalline  on  standing  in  a  refrigerator. 
The  ultimate  analysis  and  also  the  result  of  acid  hydrolysis  which  leads  to  the  formation  of  L-ephedrlne  proves 
that  the  compound  we  obtained  is  D-cls-2,2,3,4-tetramethyl-5-phenyloxazolidlne. 

We  also  obtained  and  characterized  the  plcrate  of  I>cis-2,2,3,4-tetramethyl-5-phenyloxazolidine.  The 
hydrochloride  and  perchlorate  were  also  obtained.  It  was  Impossible  to  purify  the  latter  substances  for  analytical 
purposes  because  of  their  instability. 

It  should  be  noted  that  it  requires  a  considerably  longer  time  (25  hrs)  to  complete  the  condensation  reaction 
of  L-ephedrlne  and  acetone  than  for  the  analogous  reaction  with  D-pseudoephedrlne  (5  hrs).  This  difference  can 
be  explained  by  the  different  spatial  structure  of  these  compounds  as  a  result  of  which  the  condensation  of  ephe- 
drlne  encounters  steric  hindrance  [7]. 


EXPERIMENTAL 

1.  20  g  of  D-pseudoephedrlne  with  70  ml  of  acetone  and  0.5  g  of  alkaline  activated  charcoal  were  boiled 
with  a  reflux  condenser  on  a  water  bath  for  5  hrs.  After  the  solution  had  been  filtered  from  the  charcoal  the  fil¬ 
trate  was  evaporated.  The  oil  remaining  was  distilled  under  vacuum.  The  yield  was  22.4  g  (90«7o). 

B.  p.  117*  at  8  mm,  [a]£)  +34.92*.  d^*®  0.9823,  n“-®D  1.5085,  MRj)  62.19;  calc.  62.016.  Found  C  75.83; 

H  9.20;  N  7.07.  CijHijON.  Calculated  C  76.06;  H  9.33;  N  6.82. 

The  hydrochloride  was  obtained  by  mixing  ethereal  solutions  of  the  base  and  hydrogen  chloride. 

After  it  had  been  recrystallized  twice  from  a  mixture  of  acetone  and  methanol,  the  m.  p.  was  181-182*, 
[a]j3+46.9*  (c  9.2;  water).  Found  %:  C  64.67;  H  8.51;  N  5.77;  Cl  14.50.  M  (by  Rast's  method)  233;  M 
(by  titration)  240.2.  C^HjoGNCl.  Calculated  %:  C  64.71;  H  8.28;  N  5.80;  Cl  14.67.  M  241.76. 

The  plcrate  was  obtained  by  mixing  alcoholic  solutions  of  the  base  and  picric  acid. 

After  the  picrate  had  been  recrystallized  from  a  mixture  of  acetone  and  methanol, them.  p.  was  142-143* 
(decomp.),  [a]£)“41.3  (c  4.6;  acetone).  Found  C  52.69;  H  5.22;  N  13.14.  CjsHigON*  C5H3O7N3.  Calcula¬ 
ted  C  52.70;  H  5.11;  N  12.90. 

2.  5.52  g  of  the  trans-substituted  oxazolidine  and  50  ml  of  a  20%  alcoholic  solution  of  hydrogen  chloride 
were  boiled  with  a  reflux  condenser  on  a  water  bath  for  3.5  hrs.  After  the  evaporation  of  solution,  the  addition 
of  water  to  the  residue,  treatment  with  10%  NaOH  and  extraction  of  tiie  bases  with  ether,  a  mixture  of  oil  and 
crystals  was  obtained.  The  latter  were  filtered,  washed  with  a  small  amount  of  acetone  and  then  dried.  The  yield 
was  1.2  g.  The  crystals  were  identified  by  direct  comparison  with  D-pseudoephedrlne. 

3.  16.15  g  of  L-ephedrine  was  boiled  with  70  ml  of  acetone  and  0.5  g  of  alkaline  activated  charcoal  for 
25  hrs  with  a  reflux  condenser  on  a  water  bath.  After  the  charcoal  had  been  removed  the  filtrate  was  evaporated. 

The  oil  which  remained  was  distilled  under  vacuum.  The  yield  was  17.0  g  (85%). 

B.  p.  116*  at  7.5  mm,  m.  p.  26-34*  (in  a  sealed  capillary),  [a Ip +19.1*  (c  7;  acetone).  Found  %:  C  75.73; 

H  9.32;  N  6.95.  M  (by  titration)  206.5.  Ci3Hi90N.  Calculated  %:  C  76.06;  H  9.33;  N  6.82.  M  205.36. 

The  picrate  was  obtained  by  adding  an  alcoholic  solution  of  picric  acid  to  the  hot  alcoholic  solution  of  the 

base. 

M.  p.  180.5-182*,  [a]D  -64.3*  (c  0.4;  acetone).  Found  %:  C  52.45;  H  5.13;  N  12.79.  Ci3Hi90N -CsHjOtN,. 
Calculated  %:  C  52.70;  H  5.11;  N  12.90. 

The  perchlorate  was  obtained  by  adding  hydrochloric  acid  to  an  alcoholic  solution  of  the  base.  The  m.  p. 
was  183-184*,  [a]jj  —17.75*  (c  I;  acetone).  After  recrystallization  from  anhydrous  alcohol  the  m.  p.  was  174- 
176*;  when  heated  under  vacuum  the  substance  turned  pink. 

The  hydrochloride  was  obtained  by  mixing  an  ethereal  solution  of  the  base  and  an  alcoholic  solution  of 
hydrogen  chloride.  The  m.  p.  was  151-164*.  After  recrystallization  from  acetone-methanol  mixture  the  m.  p. 
was  153-164*,  [a]D  —38.24*  (c  1.4;  water).  A  crystalline  product  was  obtained  from  the  mother  liquor. 
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4.  A  solution  of  1  g  of  cls-substltuted  oxazolldine  In  10  ml  of  alcohol  was  boiled  with  10  ml  of  alco¬ 
holic  hydrochloric  acid  with  a  reflux  condenser  on  a  water  bath  for  3.5  hrs.  A  crystalline  precipitate  was  obtained 
when  the  solution  was  cooled.  The  weight  was  0.42  g.  The  Identity  of  the  precipitate  was  established  by  a  mixed 
melt  with  L-ephedrlne  hydrochloride  (no  depression)  and  by  the  value  of  the  specific  rotation. 

SUMMARY 

The  condensation  products  of  L-ephedrlne  and  D-pseudoephedrlne  with  acetone  and  their  salts  were  obtained 
for  the  first  time. 
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HORMONES  OF  THE  THYROID  GLAND  AND  THEIR  ANALOGS 
IV.  THE  SYNTHESIS  OF  OTSAMINO  ANALOGS  OF  BETAZINE  (8  -DIIODOTYROSINE) 

N.  N.  Suvorov,  L.  M.  Mo ro zo v sk al a ,  and  A.  A.  Dudlnskala 


In  previous  communications  [1]  we  described  the  synthesis  of  a  new  antlthyrotroplc  preparation  "betazlne" 

(8  -dllodotyroslne)  and  a  number  of  8  -amino  acids  which  are  Isomers  and  analogs  of  the  latter.  To  Investigate 
the  relationship  between  the  physiological  action  and  the  chemical  structure  It  was  of  Interest  to  study  the  activity 
of  the  corresponding  substituted  propionic  acids,  1.  e.,  compounds  without  an  amino  group  In  the  side  chain. 

We  synthesized  8 -(4-hydroxy-3,5-dllodophenyl)  propionic  acid  by  the  following  system:  p-methoxyclnna- 
mlc  acid  (I)  was  hydrogenated  over  Raney  nickel,  the  product  (II)  obtained  was  demethylated  by  boiling  with  hydro 
bromic  acid  and  the  p-hydroxyclnnamlc  acid  (III)  was  Iodized  by  Lugol’s  solution  In  ammonia. 

CH2GH2COOH 
(II) 

S— GllaCIUCOOII 
(IV) 

It  must  be  pointed  out  that  8  -(4-hydroxy-3,5-dllodophenyl)  propionic  acid  has  been  described  In  literature 
and  was  obtained  by  the  lodlnatlon  of  p-hydroxyhydroclnnamlc  acid  (III)  with  Iodine  In  a  solution  of  caustic  soda 
[2]. 

The  method  we  proposed  for  obtaining  p-hydroxyhydroclnnamlc  acid  Is  original. 

We  also  obtained  3-hydroxy-  and  3-amlnohydroclnnamlc  acids  by  the  hydrogenation  of  3-hydtoxy-  and 
3-nltroclnnamlc  acids,  respectively,  over  Raney  nickel.  Their  lodlnatlon  was  carried  out  according  to  literature 
data  [3,  4]. 

The  physiological  activity  of  the  compounds  obtained  will  be  reported  elsewhere. 

EXPERIMENTAL 

p-Methoxyhydroclnnamlc  acid  (II).  15.5  g  of  p-methoxyclnnamlc  acid  (I)  was  hydrogenated  In  77  ml  of 
ethyl  alcohol  over  Raney  nickel  (~  3  g)  at  30  atmos  and  80*.  The  solvent  was  distilled  off  under  vacuum,  the 
residue  was  crystallized  from  a  mixture  of  45  ml  of  alcohol  and  60  ml  of  water,  employing  activated  charcoal  to 
decolorize  die  solution.  13.8  g  of  a  product  with  a  m.  p.  of  102-103*  was  obtained.  It  was  possible  to  obtain  a 
further  0.5  g  of  fairly  pure  acid  from  the  mother  liquors.  The  total  yield  was  91%.  Literature  data:  m.  p.  from 
101-104*  [5]. 

p-Hydroxyhydroclnnamlc  acid  (III).  7  g  of  p-methoxyclnnamlc  acid  (II)  was  boiled  with  stirring  with  35 
ml  of  40-48 %hydrobromlc  acid  until  die  oil  which  was  Initially  formed  had  completely  dissolved  (about  4  hrs). 
The  solution  was  then  cooled  and  the  precipitated  p-hydroxyhydroclnnamlc  acid  was  filtered  dirough  a  glass  filter. 
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It  was  crystallized  from  7  ml  of  10%  aqueous  alcohol  with  activated  charcoal.  The  yield  was  5.56  g  (86%).  The 
m.  p.  was  126.5-129*.  Literature  data:  m.  p.  from  128-130’  [5]. 

3 -(4-Hydroxy-3,5-dllodophenyl)  propionic  acid  (IV).  A  solution  of  6.7  g  of  Iodine  and  5.7  g  of  potassium 
Iodide  In  26  ml  of  water  was  added  to  a  solution  of  2  g  of  p-hydroxyhydroclnnamlc  acid  In  14  ml  of  12%  aqueous 
ammonia  at  5’  over  a  period  of  30  min.  After  1  hr  the  excess  iodine  was  removed  by  adding  sodium  bisulfite  and 
the  iodine-containing  acid  was  precipitated  with  hydrochloric  acid.  After  3  crystallizations  from  aqueous  alcohol 
2.02  g  (40%)  of  a  substance  with  a  m.  p.  of  161-162*  was  obtained  (Bougault  [2]  indicates  a  m.  p.  of  162*). 

Found  %:  1  60.57.  €911,0312.  Calculated  %:  1  60.70. 

8  -(3- Hydroxy-2, 4, 6-trliodophenyl)  propionic  acid.  A  mixture  of  12.4  g  of  m-hydroxybenzaldehyde,  18.5 
g  of  malonlc  acid,  19  ml  of  pyridine  and  several  drops  of  piperidine  was  boiled  for  4.5  hrs  and  when  cool  it  was 
poured  Into  105  ml  of  hydrochloric  acid  (1 :  2).  The  precipitate  deposited  was  filtered,  washed  with  water  and 
dried.  14.8  g  (89%)  of  m-hydroxyclnnamlc  acid  with  a  m.  p.  of  191-192*  (from  aqueous  methanol)  was  obtained. 

9.58  g  of  this  acid  was  hydrogenated  over  Raney  nickel  In  96  ml  of  ethyl  alcohol  at  30  atmos  and  80*. 

7.45  g  (77%)  of  m-hydroxyhydrocinnamic  acid  was  obtained.  The  latter  was  Iodized  with  iodine  monochloride 
In  glacial  acetic  acid.  The  m.  p.  was  225-226*  (from  a  l:lmlxture  of  acetone  and  water).  Literature  data: 
m.  p.  225-226*  [3]. 

3 -(3-amlno-2,4,6-trliodophenyl)  propionic  acid  was  obtained  In  similar  manner  from  m-nitrobenzaldehyde. 

SUMMARY 

1.  Desamlno  analogs  of  betazlne  were  prepared  for  pharmacological  purposes:  3 -(4-hydroxy-3,5-dllodo)-, 
8 -(3-hydtoxy-2,4,6-trllodo)-  and  8 -(3-amlno-2,4,6-trllodo)phenylpropionlc  acids. 

2.  A  new  convenient  method  of  preparing  p-hydroxyhydroclnnamlc  acid  was  proposed. 
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THE  SPECTROPHOTOMETRIC  INVESTIGATION  OF  THE  REACTION  OF 
CHLOROPHYLL  WITH  FERRIC  CHLORIDE 

S.  S.  Butsko  and  B.  la.  Dain 


It  Is  known  that  considerable  amounts  of  Iron  salts  are  contained  In  the  chlorophyll-bearing  plastlds  of  die 
green  leaves  of  plant  organisms  [1].  Certain  data  Indicate  die  presence  of  a  close  bond  between  these  salts  and 
chlorophyll  and  its  protein  carrier  [2].  In  tills  connection  the  problem  of  the  nature  of  the  chemical  reactions 
which  can  take  place  In  corresponding  associates  Is  of  Interest. 

It  Is  natural  to  expect  that  under  favorable  circumstances  the  Iron  Ions  must  displace  magnesium  from  the 
chlorophyll  nucleus  with  the  formation  of  a  hemln  structure.  The  data  of  Barnes  and  Dorough  [3],  who  observed 
a  number  of  reactions  of  die  displacement  of  one  metal  by  another  In  metallotetraphenylporphlns,  are  particularly 
In  favor  of  such  an  assumption.  The  Investigation  ofpiocessesof  this  type  In  chlorophyll  Is  of  particular  Importance 
In  connection  with  the  Interesting  optical  properties  of  hemin-like  analogs  of  chlorophyll,  making  probable  their 
participation  In  die  photochemical  phase  of  fiiotosynthesls  [4].  On  the  other  hand,  Rablnowltch  and  Weiss  [5]  gave 
a  number  of  data  which  suggested  that  in  alcoholic  solution  trlvalent  iron  ions  reversibly  oxidize  chlorophyll  In 
darkness  with  the  formation  of  a  hypothetical  oxidized  form  according  to  the  system. 

Fe+-^  +  GUI  Fe++  oxyChl* .  (1) 

The  presence  of  such  a  reaction  would  signify  that  even  In  the  dark  an  unstable  product  with  a  high  oxida¬ 
tion  potential  Is  formed  in  the  leaf,  this  product  also  being  capable  of  acting  as  an  Important  factor  for  Initiating 
the  development  of  the  oxidation  branch  of  the  photosynthesis  reaction. 

The  fact  that  the  reaction  of  chlorophyll  with  ferric  chloride  in  alcoholic  solutions  Is  complicated  by  side 
reactions  which  complicate  the  explanation  of  die  nature  of  the  main  reaction  [6]  should,  however,  be  taken  Into 
consideration.  The  pheophytlnlzation  of  chlorophyll,  which  Is  observed  in  alcoholic  solutions.  Is  due  to  the  hydro¬ 
gen  ions  formed  during  the  solvolysis  of  Iron  salts,  and  complicates  the  investigation  markedly.  As  a  result  of 
dlls,  the  reversible  reaction  postulated  by  Rablnowltch  and  Weiss  on  the  basis  of  spectral  data  obtained  for  alco¬ 
holic  solutions  cannot  be  considered  as  proven. 

The  present  article  gives  the  results  of  die  spectrophotometrlc  Investigation  of  the  reaction  of  chlorophyll 
with  anhydrous  ferric  chloride  In  diethyl  ether  and  acetone,  solvents  in  which  the  effect  of  the  pheophytlnlza¬ 
tion  of  chlorophyll  is  practically  excluded. 


EXPERIMENTAL 

The  reaction  vessel.  Preliminary  experiments  Indicated  that  In  air  (to  be  more  precise.  In  the  presence  of 
dissolved  oxygen)  die  reaction  between  ferric  chloride  and  chlorophyll  is  complicated  by  side  reactions.  The  in¬ 
vestigation  of  die  reactions  which  interested  us  was,  therefore,  carried  out  under  high  vacuum. 

The  Investigated  reaction  and  also  the  preceding  operations  to  remove  traces  of  air  from  the  solutions  and 
mix  them  were  carried  out  In  a  seamless  glass  vessel  connected  to  a  high-vacuum  installation  (Fig.  1).  Apart 

•  Oxychl  =  oxy  chlorophyll. 
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Fig.  1.  Reaction  vessel.  Explanation 
in  text. 


Fig.  2.  Changes  in  the  spectrum  of  an 
ethereal  solution  of  chlorophyll  a  during 
Its  reaction  with  FeCls.  Absorption  curves: 
1)  of  the  initial  solution;  2)  after  18  hrs; 

3)  after  6  days.  In  the  upper  part  —  the 
absorption  curve  of  an  alcoholic  solution 
of  the  reaction  product  of  chlorophyll 
and  FeClj. 


from  the  main  receptacle  A  in  which  the  chlorophyll  solution  was 
placed,  the  vessel  had  branch  pieces  B  and  C  for  the  ferric  chloride 
and  other  reagents  and  alsocuvettesO*,  O"  and  O’"  for  spectrophoto- 
metric  measurements.  The  cuvettes,  filled  under  vacuum,  were 
sealed  off  from  the  vessel  and  the  solutions  contained  in  it  were  sub¬ 
jected  to  photometry  In  an  SF-4  spectrophotometer. 

Preparations.  Chlorophyll  a  was  obtained  from  dry  nettle  leaves 
according  to  method  [7]  and  was  separated  from  components  b  by 
chromatograpliy  in  a  column  with  anhydrous  sugar  powder.  The  purity 
of  the  pigment  was  checked  in  each  instance  by  the  analysis  of  its 
absorption  spectrum.  The  solvents  were  purified  by  methods  given 
in  the  book  [8]  and  were  distilled  again  befiare  the  experiment.  An¬ 
hydrous  ferric  and  ferrous  chloride  which  were  obtained  by  usual  me¬ 
thods  and  kept  under  vacuum  in  sealed  ampules  were  used  in  the  ex¬ 
periments. 

Experimental  procedure.  15  ml  of  a  solution  of  chlorophyll 
with  a  concentration  of  ~  10“^  mole  was  Introduced  into  the  recep¬ 
tacle  A  and  1  ml  of  solvent  and  several  small  crystals  of  anhydrous 
Feds  were  added  to  the  branch  piece  B.  The  branch  piece  was  then 
sealed  off  at  the  constriction  b.  The  vessel  was  connected  to  the  high- 
vacuum  installation  by  means  of  the  ground-in  joint  F.  Liquid  air 
was  poured  into  the  trap  G  to  prevent  the  vapors  of  the  solvent  from 
entering  the  vacuum  system.  After  the  solutions  had  been  completely 
degassed  and  a  high  vacuum  had  been  established, the  vessel  was  sealed 
at  the  constriction  E.  Because  the  solvent  from  the  lateral  branch  piece 
passed  into  the  receptacle  during  the  process  of  evacuation  of  the 
system  toward  the  end  of  pumping, the  ferric  chloride  was  present  in 
the  form  of  a  solid  film  on  the  walls  of  the  container  B.  After  part 
of  the  solution  had  been  led  off  to  the  cuvette  for  spectrophotometric 
measurements  and  it  had  been  sealed  off  from  the  system,  the  lateral 
branch  piece  was  immersed  in  liquid  air  for  several  minutes,  as  a  re¬ 
sult  of  which,  part  of  the  solvent  distilled  from  it  into  the  receptacle 
A.  The  solution  of  ferric  chloride  obtained  after  defreezing  was  poured 
into  the  receptacle  and  was  carefully  shaken.  The  cuvettes  were 
filled  with  the  solution  obtained,  then  they  were  sealed  off  from  the 
vessel  and  subjected  to  photometry  at  specific  periods.  When  it  was 
necessary  to  know  the  exact  concentrations  of  the  solutions  of  salts 
added,  appropriate,  previously-prepared  solutions  were  introduced  in¬ 
stead  of  crystals  in  the  branch  piece  B.  The  volume  of  liquid  in  the 
receptacle  after  mixing  was  always  made  up  to  the  same  level.  The 
addition  of  the  other  reagents  (FeCl2,  CaCl2,  NaCl)  was  carried  out 
by  a  similar  method  via  the  branch  piece  C. 

The  reaction  of  chlorophyll  with  ferric  chloride  in  a  solution  of 
ether  takes  place  extremely  slowly.  The  first  changes  in  the  spectrum, 
consisting  in  a  certain  reduction  in  the  intensity  of  the  red  absorption 
band  of  chlorophyll  at  662  mp  and  the  appearance  of  a  band  of  the 
reaction  product  at  630  mp  ,  initially  of  low  Intensity,  is  only  noted 
several  hours  after  the  mixing  of  the  solutions  (Fig.  2). 


The  intensity  of  this  band  increases  slowly  with  simultaneous  weakening  of  the  absorption  bands  of  chloro¬ 
phyll.  The  latter  disappear  completely  only  after  6-7  days.  After  the  reaction  had  been  completed  the  products 
were  brought  Into  solution  In  chloroform.  The  separated  chloroform  layer  was  repreatedly  washed  with  water  until 
iron  salts  had  been  completely  removed  and  It  was  then  evaporated  to  dryness.  After  being  carefully  dried  under 
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vacuum  the  dry  residue  was  dissolved  In  alcohol.  The  spectrum  of  the  alcoholic  solution  of  the  product  (drown  In 
the  upper  part  of  Fig.  2)  has  two  Intense  bands  at  630  and  385  mp  and,  In  contrast  to  the  spectrum  of  chlorophyll, 
does  not  contain  vibrational  bands  of  low  intensity.  As  regards  the  position  of  the  maxima  and  the  ratio  of  their 
intensities,  this  spectrum  coincides  completely  with  the  spectrum  of  pheophytin  Iron-III,*  previously  investigated 
[4].  From  these  data  it  follows  that  as  a  result  of  the  reaction  of  chlorophyll  and  ferric  chloride  there  is  an  in¬ 
tense  displacement  of  magnesium  by  iron,  which  may  be  summarily  expressed  by  the  equation 

iVJgPh  f  FoOj  FeClPh  +  M  gCl^.  (2) 


1  Z  3  <»  fi 

Time  (in  hrs) 


Fig.  3.  The  Influence  of  temperature  on  the  rate  of 
introduction  of  iron  into  the  nucleus  of  chlorophyll. 
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Fig.  5.  The  influence  of  oxygen  on  the  process  of 
die  introduction  of  iron  into  the  chlorophyll  nucleus. 
Absorption  curves:  1)  of  the  gray  intermediate  pro¬ 
duct,  2)  after  the  admission  of  air,  3)  after  keeping 
in  air  for  10  days. 
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Fig.  4.  Changes  in  the  spectrum  of  an  acetone  solu¬ 
tion  of  chlorophyll  a  during  its  reaction  with  FeCls. 
Absorption  curves:  1)  of  the  initial  solution  of  chloro¬ 
phyll  a,  2)  directly  after  the  introduction  of  FeCls  , 

3)  after  5  days. 

This  was  confirmed  by  additional  experiments  in  which 
the  reaction  product  was  isolated  in  the  pure  form  and 
ashed.  Iron  and  chlorine  were  found  in  the  ash  of  the 
product  and  the  absence  of  magnesium  was  established. 
The  exposure  of  an  alcoholic  solution  of  the  product 
to  light  leads  to  its  reductfon  (the  appearance  of  bands 
at  655  and  410  mu  and  the  disappearance  of  the  bands 


at  630  and  385  mp),  which  is  characteristic  for  pheophytin  iron  -III  [4]. 


The  slow  course  of  the  reaction  is  evidently  associated  with  the  high  energy  of  activation.  In  fact,  an  in¬ 
crease  in  temperature  markedly  accelerates  the  reaction,  as  follows  from  a  comparison  of  the  velocity  curves  for 
20,  40  and  60*  given  in  Fig.  3. 


The  course  of  the  reaction  in  acetone  solution  shows  interesting  features  which  are  essential  for  understand¬ 
ing  its  mechanism.  In  this  instance  also,  the  end  product  is  pheophytin  iron-III.  In  this  solvent,  however,  funda¬ 
mental  spectral  charges  are  detected  immediately  after  the  introduction  of  the  iron  salt  (Fig.  4).  The  green  solu- 


•  Pheophytin  iron,  the  product  of  the  substitution  of  the  central  atom  of  magnesium  in  the  chlorophyll  nucleus 
by  iron,  exists  in  oxidized  (FeX  complexes  where  X  is  hydroxyl  or  an  acid  residue)  and  reduced  forms  (Fe  com¬ 
plex).  The  oxidized  form  of  this  derivative  of  chlorophyll  and  its  analogs  was  investigated  in  [9, 10].  The  reduced 
product  was  obtained  by  the  photochemical  reduction  of  the  oxidized  form  [4].  The  abbreviations  MgPh,  FeClPh, 
FePh,  where  rti  is  the  organic  nucleus  of  chlorophyll  without  metal,  will  be  used  subsequently  for  chlorophyll  and 
these  derivatives,  respectively. 
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Fig.  6.  The  influence  of  additions  of  CaClj.  Absorp¬ 
tion  curves:  1)  of  the  initial  solution  of  chlorophyll  a 
in  acetone;  2)  after  the  introduction  of  FeCl3:  3)  after 
the  addition  of  CaClj. 


Fig.  8.  The  Influence  of  additions  of  FeClj  on  the 
rate  of  introduction  of  iron  into  the  chlorophyll  nucleus. 
Curves  of  the  variation  of  log(I((/I)  for  X  =  630  mp 
with  respect  to  time  (in  min):  1)  without  additions  of 
FeCl2.  Cone,  of  FeClj  (in  mole/liter):  2)  6  *10"®, 

3)  1.8*  10"®,  4)  2.4- 10"®,  5)3-10"®. 

the  process  of  the  introduction  of  iron  into  the  center  of 


Fig.  7.  The  Influence  of  additions  of  CaCl2  on  the 
intensity  of  the  absorption  maxima  of  regenerated 
chlorophyll  and  pheophytln  iron.  1)  Absorption  of  re¬ 
generated  chlorophyll  at  662  m/i;  2)  Abs.  of  the  pro¬ 
duct  formed  in  the  reaction,  630  mp;  t)  time  (in  hrs), 
elapsed  from  the  moment  of  die  frirmation  of  gray  pro¬ 
duct  until  die  introduction  of  CaCl2. 

tlon  becomes  grayish.  The  red  absorption  band  of 
chlorophyll  (662  mp )  is  considerably  reduced  and  is 
somewhat  displaced  toward  the  shortwave  side,  up  to 
655  mp  .  Other  bands  appear  simultaneously:  bands 
of  low  Intensity  at  605,  565,  and  535  mp  and  two  very 
Intense  bands  at  420  and  370  mp .  The  spectrum  of 
the  gray  product  is  fairly  stable  and  is  accurately  re¬ 
produced  in  all  the  experiments.  On  long  standing  die 
Intensity  of  its  characteristic  absorption  bands  is  gradually 
reduced.  Band:  of  pheophytln  iron- III  appear  simultaneously. 
The  reaction  proceeds  somewhat  more  rapidly  than  in 
ethereal  solutions.  IL  is  markedly  retarded,  however,  if 
the  solution  containing  the  gray  product  is  brought  into 
contact  with  air.  In  this  instance  it  is  not  possible  to 
observe  an  appreciable  increase  in  the  intensity  of  die 
absorption  band  at  630  mp  ,  belonging  to  pheophytln 
iron,  even  after  10  days  (Fig.  5);  this  indicates  the 
extremely  marked  retarding  Influence  of  oxygen  on 
the  porphin  nucleus. 


The  initial  changes  found  in  the  spectrum  of  chlorophyll  as  a  result  of  the  introduction  of  ferric  chloride 
are  reversible.  The  initial  state  may  be  re-established  byadding  chlorides  (solutions  of  NaCl,  CaCl2,  etc.)  (Fig.  6). 
Complete  regeneration  of  chlorophyll  is,  however,  attained  only  when  these  salts  are  Introduced  immediately  after 
the  formation  of  the  gray  product.  The  regeneration  of  the  chlorophyll  is  otherwise  found  to  be  Incomplete  and  a 
maximum  at  630  mp  ,  belonging  to  pheophytln  iron,  appears  simultaneously  in  the  spectrum.  The  Intensity  of  this 
maximum  is  greater  the  longer  the  time  from  the  moment  of  formation  of  the  gray  product  to  the  Introduction  of 
the  chloride.  The  reverse  relationship  is  found  for  the  red  maximum  of  regenerated  chlorophyll  (Fig.  7).  A  con¬ 
siderable  degree  of  regeneration  of  chlorophyll  can,  nevertheless,  be  noted  even  after  20-25  hrs.  This  fact  indi¬ 
cates  that  the  gray  intermediate  product  is  not  labile  and  has  a  very  long  life. 

From  the  data  given  it  follows  that  the  Investigated  process  in  acetone  solution  takes  place  in  two  stages. 
The  first  of  these,  associated  with  the  formation  of  the  intermediate  product,  is  reversible.  The  second,  in  which 
the  end  product  is  formed,  is  Irreversible.  The  process  may  be  represented  according  to  the  following  system: 

FCCI3 -F  MgPh  Intermediate  product  — ^  FoGlPh /3\ 
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Catalysts  by  Iron  Ions.  As  we  saw  above,  the  action  of  Nad  and  CaClj  on  the  gray  intermediate  product 
displaces  the  primary  stages  of  the  process  in  system  (3)  to  the  left.  The  addition  of  FeClj  has  the  same  action. 

If  equivalent  amounts  of  anhydrous  Feds  Fed2  introduced  in  the  solution  of  chlorophyll  from  the  very 
start,  the  fiarmation  of  tiie  gray  product  is  not  noted  at  all  because  the  equilibrium  is  completely  displaced  to  the 
left.  Ferrous  chloride  also  has  a  specific  action  on  the  course  of  the  process.  The  addition  of  CaClj  and 
Nad,  which  regenerates  chlorophyll,  simultaneously  retards  the  further  progress  of  the  process  of  the  introduction 
of  iron  into  the  chlorophyll  nucleus;  ferrous  chloride,  on  the  other  hand,  markedly  accelerates  this  process.  In 
the  investigated  instance,  when  equivalent  amounts  of  bivalent  and  trivalent  iron  salts  are  used,  complete  con¬ 
version  of  chlorophyll  to  pheof^ytin  iron  is  attained  after  10-15  min.  The  catalytic  Influence  of  FeClj  is  already 
clearly  indicated  in  those  instances  when  it  is  added  in  negligibly  low  concentrations  and  Increases  very  markedly 
with  the  increase  of  its  concentration  in  the  solution.  This  is  Illustrated  by  data  on  the  course  of  the  reaction 
during  the  period  of  various  additions  of  ferrous  chloride,  given  in  Fig.  8. 

DISCUSSION  OF  RESULTS 

From  the  data  obtained  it  follows  that  the  reaction  of  chlorophyll  with  ferric  chloride  leads  to  the  displace¬ 
ment  of  magnesium  from  the  chlorophyll  by  iron  and  the  formation  of  pheophytin  iron.  No  side  reactions  occur 
in  this  process.  The  hypothesis  of  the  reversible  oxidation  of  chlorophyll  to  its  oxy  form  ,  advanced  in  previous 
investigations  [5],  is  therefore  not  confirmed.  In  the  Interpretation  of  the  mechanism  of  the  reaction  we  take 
as  our  basis  the  assumption  that  it  is  effected  between  molecules  of  chlorophyll  and  molecules  of  ferric  chloride 
or  its  ions.  The  latter  is  assumed  for  acetone  solutions  in  which  the  Ionic  dissociation  is  fairly  strongly  expressed. 

A  purely  ionic  Interpretation  of  the  exchange  reaction  observed  must  obviously  be  rejected.  It  is  hardly  possible 
to  admit  an  appreciable  dissociation  of  the  chlorophyll  molecules  in  a  nonaqueous  solvent.  At  the  same  time  if 
such  an  admission  is  made  it  is  impossible  to  explain  a  number  of  the  facts  observed.  In  particular  the  catalysis 
of  the  process  by  bivalent  iron  Ions  and  also  the  effect  of  the  regeneration  of  chlorophyll  as  a  result  of  the  addition 
of  chlorides. 

The  problem  of  the  nature  of  the  gray  product  formed  immediately  after  the  introduction  of  ferric  chloride 
in  a  solution  of  chlorophyll  in  acetone  Is  very  essential  for  understanding  the  mechanism  of  the  process.  The  for¬ 
mation  of  this  product  is  not  associated  with  any  significant  disturbances  in  the  structure  of  the  porphin  nucleus 
of  chlorophyll,  this  being  Indicated  by  the  spectrum  which  is  typical  of  dihydroporphln  derivatives.  This  product 
is  very  stable,  which  is  confirmed  by  its  long  life.  On  the  other  hand,  its  formation  is  an  essential  stage  of  the 
reaction,  ensuring  the  necessary  conditions  for  its  further  progress.  In  an  ethereal  solution  where  the  gray  product 
is  not  formed  the  reaction  takes  place  extremely  slowly.  In  acetone,  however,  particularly  in  the  presence  of 
Fe'^^  ions,  it  can  take  place  very  rapidly.  This  justifies  the  consideration  of  the  gray  product  as  the  active  inter¬ 
mediate  reaction  product. 

The  primary  changes  observed  in  the  spectrum  of  chlorophyll  as  a  result  of  the  introduction  of  ferric  chloride 
are  tiie  result  of  the  formation  of  Fe  (MgFh)'*"’^  ions  for  which  the  conditions  are  favorable  in  acetone  solutions. 
These  particular  complex  Ions  are  carriers  of  those  properties  which  were  noted  in  the  gray  product.  In  fact,  as 
a  result  of  the  formation  of  such  complexes  the  iron  ion  inevitably  established  a  bond  with  the  quaternary  nitro¬ 
gen  atoms  of  the  chlorophyll  nucleus.  This  must  lead  to  the  labilization  of  ftie  bonds  of  these  atoms  with  mag¬ 
nesium  which  also  creates  favorable  conditions  for  its  displacement  from  the  molecule.  It  is  precisely  this  which 
determines  the  role  of  the  gray  product  in  the  development  of  the  reaction.  The  polarization  effects  which  must 
take  plase  as  a  result  of  the  reaction  of  the  FefMgPh)’^'*^  ions  with  the  chlorine  ions  must  lead  to  the  decomposi¬ 
tion  of  these  complexes  and  the  regneration  of  chlorophyll.  This  explains  the  influence  of  chlorides  in  the  first 
stage  of  ftie  process  which  was  observed  in  our  work. 

The  labilization  of  the  bonds  between  magnesium  and  the  central  nitrogen  atoms  of  the  chlorophyll  nucleus 
which  is  evidently  attained  in  the  complex  FefMgFh)"*^  ions  is  a  necessary  but  insufficient  condition  for  the  re¬ 
alization  of  the  reaction.  This  is  Indicated  by  its  fairly  slow  progress  in  the  absence  of  Fe"^  tons.  Here  it  is  possi¬ 
ble  that  certain  sterlc  factors  also  play  a  part  because  the  chlorine  atom  must  be  attracted  into  the  porphin  nucleus 
as  well  as  trivalent  iron.  The  catalytic  influence  of  Fe"^  ions  is  evidently  associated  with  the  fact  that  they  first 
enter  the  lablllzed  nucleus  of  chlorophyll,  which  is  represented  by  the  equation  (4a) 

Fc(MgI’ll)+++^-Fe"^— Fe+++  (4a) 
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The  formation  of  the  end  product  takes  place  as  a  result  of  the 
oxidation  of  reduced  pheophytln  Iron  by  Iron  chloride 

FeCl3-f  FelMi  — >  FeClPh  |  FeClj  (4b) 

a  reaction  which  as  indicated  by  separate  experiments,  takes  place  ex¬ 
tremely  slowly.* 

The  particular  feature  of  the  proposed  reaction  system  ••consists 
In  tile  fact  that  It  leads  to  a  chain  mechanism  In  connection  with  the 
regeneration  of  ferrous  chloride  in  stage  (4b),  Even  very  low  concen¬ 
trations  of  Fe"^  Ions,  therefore,  cause  a  considerable  displacement  effect 
of  magnesium  by  Iron  from  the  chlorophyll  nucleus.  From  all  the  data 
the  Intense  retardation  of  the  reactions  by  oxygen  which  was  observed 
In  our  work  Is  associated  wltii  the  rupture  of  the  reaction  chains  which 
takes  place  as  a  result  of  the  oxidation  of  the  Fe"*^  Ions.***  To  obtain 
a  final  confirmation  of  the  reaction  system  It  Is  extremely  Important 
to  realize  the  Individual  stage  (4a).  This  Is  complicated,  however, by 
the  fact  that  in  the  presence  of  ferric  chloride  the  second  stage  (4b)  also 
proceeds  immediately.  In  the  absence  of  It,  however,  the  required  con¬ 
ditions  for  the  reaction  (4a)  to  take  place  are  not  present.  In  tiie  supple¬ 
mentary  experiments  described  below  conditions  under  which  only  traces 
of  ferric  chloride  were  present  in  the  reaction  mixture  of  chlorophyll 
and  ferrous  chloride  were  ensured;  it  was  therefore  possible  to  detect 
the  product  of  the  first  stage  of  the  reaction. 

Ferrous  chloride  which  had  been  kept  for  some  time  in  air  was 
used  for  the  experiments.  In  two  of  the  three  experiments  carried  out 
(Fig.  9)  a  solution  of  the  salt  was  first  exposed  to  Irradiation  by  a  mercury  quartz  lamp  in  order  to  partially  reduce 
the  trlvalent  iron  formed  as  a  result  of  the  oxidation  of  the  Fe"*^  Ions. 

As  may  be  seen  from  the  data  in  Fig.  9,  In  both  experiments  the  reaction  with  chlorophyll  led  to  the  forma¬ 
tion  of  two  of  ir«  iron  derivatives:  pheophytin  iron-II  (absorption  maximum  at  655  mji[4])  and  pheophytln  iron- 
ill  (absorption  maximum  at  630  mp  ).  Since  the  content  of  Fe  ' ' '  Ions  (and,  therefore,  Fe(MgFh)'*^'^  ions  also) 
was  extremely  small,  the  Introduction  of  iron  was  an  extremely  slow  process  in  both  experiments.  The  end  state 
of  the  system  In  the  experiment  with  a  high  content  of  trivalent  iron  was  attained  far  more  rapidly  (In  6  hrs),  how¬ 
ever,  whereas  when  the  period  of  Irradiation  was  less,  the  reaction  took  a  day. 

In  the  third  experiment.  In  which  the  solution  of  FeClj  was  not  Irradiated  the  reaction  took  place  in  40  min 
and  led  to  the  formation  of  a  single  product,  pheophytin  Iron-in. 

We  feel  that  these  experiments  give  a  convincing  and  very  graphic  proof  of  the  reality  of  the  above-pro¬ 
posed  reaction  system.  This  system  Is  also  applicable  for  those  Instances  when  the  reaction  proceeds  without 
special  additions  of  ferrous  chloride.  The  traces  of  this  salt  which  are  unavoidably  present  In  solution  of  ferric 
chloride  in  an  organic  solvent  should  be  sufficient  for  the  realization  of  the  reaction  according  to  the  above-de¬ 
scribed  catalytic  mechanism. 


Fig.  9.  The  absorption  curves  for  the 
product  of  the  introduction  of  Fe  into 
the  chlorophyll  nucleus  showing  the  in¬ 
fluence  of  the  photoreduction  of  tiie 
original  FeCl2  solution.  Irradiation  of 
the  FeClj  solution  (In  hrs):  1)  5,  2)  2, 
3)  no  Irradiation. 


•  The  oxidation-reduction  potential  of  tiie  system  Fe^^^Fh/Pe^^Ph,  like  other  analogous  hemin  systems,  is  far  less 
positive  than  the  system  Fe^^VFe^^. 

••  A  system  which  Is  similar  in  some  aspects  to  our  own  was  previously  proposed  [11]  for  the  process  of  the  intro¬ 
duction  of  Iron  Into  the  nucleus  of  mesoporphyrin  ester. 

•••  A  number  of  authors  [12]  consider  that  the  main  reaction  which  takes  place  as  a  result  of  the  reaction  of 
chlorophyll  with  FeC^  is  the  oxidation  of  the  pigment.  The  conclusions  of  these  authors  which  are  based  on  ex¬ 
periments  carried  out  In  the  presence  of  air,  1.  e.,  under  conditions  in  which  the  main  process  taking  place  in  these 
systems  is  retarded,  are  not  convincing. 
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SUMMARY 


1.  The  reaction  of  chlorophyll  with  ferric  chloride  In  solutions  of  ether  and  acetone  leads  to  the  displace¬ 
ment  of  magnesium  from  the  chlorophyll  nucleus  and  die  formation  of  pheophytln  Iron-UI.  The  reaction  takes 
place  extremely  slowly  and  Is  characterized  by  a  high  temperature  coefficient. 

2.  In  acetone  solution  the  reaction  takes  place  via  a  stage  of  the  formation  of  an  Intermediate  gray  product 
having  a  spectrum  which  is  characteristic  of  dlhydroporphln  derivatives.  The  addition  of  chlorides  to  a  system 
containing  this  intermediate  product  leads  to  the  regeneration  of  chlorophyll.  The  conversion  of  the  Intermediate 
gray  product  to  pheophytln  Iron  Is  an  Irreversible  process.- 

3.  Bivalent  Iron  Ions  exert  a  marked  catalytic  Influence  on  the  process  of  the  Introduction  of  Iron  Into  the 
chlorophyll  nucleus.  Oxygen  has  an  Intense  retarding  effect  on  the  reaction. 

4.  A  system  was  proposed  in  which  the  principal  role  In  the  development  of  the  reaction  Is  played  by  the 
complex  ions  FefMgPh)"*^. 
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FURTHER  DISCUSSION 

THE  PROBLEM  OF  THE  GENERAL  DEFINITION  OF  CHEMISTRY* 

lu.  A.  Zhdanov 


Our  article  [1]  which  led  to  a  number  of  objections  raised  by  la.  E.  Ekster  [2]  was  published  in  the  Journal 
of  General  Chemistry.  We  can  only  welcome  the  desire  to  clarify  the  main  conceptions  of  chemical  science  in 
a  discussion,  but  la.  E.  Ekster's  objections  are  off  the  point  and  his  own  position  seems  somewhat  contradictory. 

We  proposed  the  definition  of  chemistry  as  tire  science  of  the  qualitative  changes  of  bodies,  taking  place 
under  the  influence  of  changes  in  their  quantitative  composition  and  structure.  Any  formulation  can,  of  course, 
be  improved  and  corrected.  Ekster  supports  us,  pointing  out  the  inadequacy  of  the  famous  definition  of  Engels(a 
definition  adopted  in  a  whole  series  of  chemical  and  philosophical  works  published  in  this  country). 

In  the  final  analysis  the  idea  put  forward  by  us  amounts  to  the  fact  that  the  definition  of  chemistry  must 
include  the  most  important  feature  of  chemism:  the  variation  in  the  structure  of  substances.  In  this  connection, 
structure  is  considered  in  the  Butlerov  sense  as  a  stable  order  of  reactions  of  atoms.  The  usual  definition  of  chemistry 
as  the  science  of  substances  and  their  changes  does  not  contain  this  decisive  factor  and  should,  therefore,  be  correc¬ 
ted.  This  definition  reflects  the  prestructural  analytical  stage  in  the  development  of  chemistry. 

On  the  one  hand,  Ekster  objects  to  our  criticism  of  tiie  definition  of  chemistry  as  tire  science  of  substances 
and  their  changes,  considering  our  proofs  to  be  unconvincing.  The  fact  cannot  be  escaped,  however,  that  not  all 
the  changes  of  substances  are  of  a  chemical  nature,  in  particular,  for  example,  the  processes  of  the  transformation 
of  the  elements  taking  place  on  an  enormous  scale  in  the  universe. 

At  the  same  time  Ekster,  on  the  other  hand,  favors  our  definition  affirming  that  "the  chemical  structure  of 
a  substance  is  that  inalienable  quality  which  determines  its  chemical  behavior."  It  is  remarkable  that  having 
written  this,  Ekster  describes  the  inclusion  of  tire  "inalienable  quality"  in  the  definition  of  chemism  as  to  some 
extent  tautological.  In  such  a  case  any  definition  of  any  concept  must  be  considered  tautological,  including  the 
definition  of  chemistry  as  the  science  of  substances  and  their  changes.  Surely  it  is  clear  that  in  the  formulation 
of  the  general  definition  of  chemistry  the  basis  taken  must  be  titat  inalienable  quality  which  determines  the  chemi¬ 
cal  behavior  of  substances.  Ekster's  other  objections  arc  not  a  matter  of  principle  but  it  is  worthwhile,  however,  to 
deal  with  them. 

Ekster  objects  to  the  term  "body"  as  applied  to  chemical  substances.  This  term  seems  reasonably  satisfac¬ 
tory  to  us.  Many  chemists  have  employed  it  successfully,  including  Berzelius  and  Butlerov  (to  mention  only  his 
famous  definition  of  the  significance  of  rational  formulas:  "For  each  body  there  will  be  only  one  rational  formula 
possible  and  when  the  general  laws  of  tire  relationship  between  the  chemical  properties  of  bodies  and  their  chemi¬ 
cal  structure  becomes  known  a  similar  formula  will  express  all  these  properties"). 

Ekster  further  maintains  that  our  proposed  definition  of  chemism  excludes  from  consideration  the  phenomena 
of  isomerism.  This  is  an  obvious  misunderstanding.  It  will  be  clear  to  anyone  who  reads  our  article  carefully  that 
it  was  precisely  the  phenomenon  of  isomerism  which  was  tlie  initial  point  for  the  criticism  of  tiie  analytical  de¬ 
finition  of  the  subject  of  general  chemistry.  But  if  we  maintain  tiie  formal  point  of  view  adopted  by  Ekster  it  must 
be  pointed  out  that  in  the  words  "composition  and  structure"  tire  conjunction  "and"  can  have  a  separating  as  well 
as  a  connecting  meaning.  When  we  say  tiiat  sodium  has  tiie  capacity  to  combine  with  chlorine  and  bromine,  an 
informed  man  will  hardly  think  that  sodium  cannot  combined  with  each  of  die  halogens  separately.  The  word  "or" 

•  Reply  to  la.  E.  Ekster. 
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can,  of  course,  be  put  In  brackets  at  the  side  of  "and*  but  this  does  not  alter  the  essence  of  the  matter. 

As  regards  Ekster's  remark  to  the  effect  that  when  chemical  changes  take  place,some  qualitative  indices 
always  undergo  a  change  ,  is,  of  course,  correct.  The  point  dealt  with  in  Engels'  definition  is,  however,  the 
number  of  atoms  in  molecules  which  remain  unchanged  in  isomeric  changes. 
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Monograph  giving  a  general  picture  of  the  present  state  of  chemical  kinetics  and  a  summary  of  the  individual 
trends  in  this  vital  held  of  chemical  science. 

D.  I.  Mendeleev.  Solutions  ("Science  Classics"  series),  43  sheets.  Price  23  rubles  30  kopecks. 

lu.  I.  Solov’ev.  History  of  the  Study  of  Solutions  (Institute  of  the  History  of  Natural  Science  and  Technique), 
30  sheets.  Price  23  rubles. 

The  book  contains  a  vast  amount  of  systemized  and  generalized  factual  material  showing  the  main  trends 
in  the  study  of  solutions  from  the  end  of  the  18th  century  to  the  1930 ’s. 

The  books  are  sold  in  "Akademknigotorg"  shops:  Moscow,  Gorky  Street,  6;  Leningrad,  Llteinyl  Prospekt, 

57;  Sverdlovsk,  Belinskll  Street,  71-c:  Kiev,  Lenin  Street,  42;  Kharkov,  Gorlalnovskll  Lane,  4/6;  Alma-Ata, 
Furmanova  Street,  129;  Tashkent,  Karl  Marx  Street,  29;  Dzhaparidze  Street,  13. 

Orders  are  received  in  these  shops  for  books  in  print.  Books  will  be  sent  C.  O.  D.  by  post  to  clients  in  other 

towns. 

Orders  should  be  sent  to  the  "Akademkniga"  office:  Moscow,  K-12,  Kuibyshev  Street,  8, and  also  to  the 
nearest  of  the  above-mentioned  shops. 


SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Goseneigoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEHZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MC*>I 

MSP 

Nn  ZVUKSZAPIOI 

NIK  FI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  PreSs 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 

Scientific  Research  Inst,  of  Sound  Recording 

Sci.  Inst,  of  Modem  Motion  Picture  Photography 

United  Sci.-Tech.  Press 

Division  of  Technical  Information 

Div.  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab  .-Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Meteorology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Tbermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  farther 
information  about  dieir  significance  being  available  to  us.  —  Publisher. 


